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HYDRAULIC COMPONENTS 


No. of hydraulic components 1000 


LANDING GEAR 


i 
Total number of landings to date 2 


{ An oleo has never failed on service causing a collapse. 


int those concerned with the 
.L.W. system in the =m 

d landings of the MaiMM™m fleet 
Bted the hydraulic system under 
ic components are overhauled 
lent to 2,400 flying hours, but 
omponents are the original 
were new. 


Our objective is ABSOLUTE RELIABILITY 
< pursued by - Continuous research - Careful 
design-Vigorous testing-and precise manufacture 


a %& The facts quoted are taken 
ee from an internal Service report 
of one of our customers 
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HIGH AERODYNAMIC EFFICIENCY 
The Napier Eland is a propeller-turbine aero engine 
with an outside diameter of only 36 inches. This gives 

it unusually high aero-dynamic efficiency. Fuel 
consumption is low and its light weight permits 

great economies in the size and weight of both 


civil and military aircraft. 


NAPIER 


OD. NAPIER AND SON LIMITED * LONDON, 
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PROBE « DROGUE 


It is simple enough to demonstrate what is 
added to the range or payload of a bomber or 
transport—or to the vital air endurance of a 
fighter—when it is refuelled in flight. So far, 
excellent—but what about the mechanics of it 
all? In point of fact, Probe and Drogue 
equipment, even for the tanker aircraft, is 
compact and far from costly. To incorporate it 
as a tanker “package” unit, capable of fitment 
within 30 minutes, presents the designer with 
no special problem. Indeed, for an item of 
such consequence, the addition of Probe and 
Drogue could hardly be simpler. 


FLIGHT REFUELLING LIMITED 
Tarrant Rushton Airfield, Blandford, Dorset 
Telephone: Blandford 501 
Telegrams: Refuelling, Blandford 
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Extension of AERODYNAMICS 


DATA SHEETS to include 


Su personics 


The new sheets in this series, now in 
preparation, which will be sent to all 
holders of Aerodynamics Data Sheets 
in the late summer, deal principally 
with Supersonic Aerodynamics. They 
include : — 


(i) Fundamental supersonics—isen- 
tropic flow, simple wave flow, 
plane and conical shock waves, 
approximate two - dimensional 

theory, 

(ii) Wave diag of three-dimensional 
bodies—parabolic and conical 
forebodies and afterbodies, in- 
terference wave drag, 

(iii) Base pressure on wings and 
bodies, 


(iv) Properties of two-dimensional 
supersonic aerofoils, 


(v) Skin friction drag. 


The Royal Aeronautical Society 
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CIETY 


The ‘R’ Type Fuel Cock 


Designed for the utmost compactness, the 
lightweight Vickers-Armstrongs “R” Type 
Cock and actuator fit neatly alongside the 
fuel pipe. Very small torque is necessary to 
operate it, even at extremes of temperature. 
This is achieved by the geometric alignment 
of the levers and the torque hardly varies 
through the temperature range. Main- 
tenance is simple; the actuator can be 
detached and the cock left in the fuel line. 


AIRCRAFT DIVISION - 
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Four actuators may be used, the Plessey Panther, the 
Western E.R.J. 60, the Rotax C5605, and the English 
Electric Type 208, or the cock may be hand-operated. 


Sizes Available: 1”, 14”, 14”, 12’, 2” B.S.P. 


Weight Examples: 2” B.S.P. Cock, fitted Plessey Actuator, 
as illustrated, 3.68 lb. 
2” B.S.P. Cock, single spring loaded handle, 1.86 lb. 


Metric Threads supplied 


VICKERS-ARMSTRONGS LTD 


Suppliers of all types of cocks and valves for aireraft 


WEYBRIDGE - SURREY 


AT289 
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if the Production Director 
sees these he will want 
to change a thing or two 


Two views of a feed 
mechanism in a high 
chrome molybdenum 


vanadium tool steel. 


Coupling Hub 
in Cr-Mo-Va 
tool steel. 


DERITEND INVESTMENT CASTINGS 
free the designer from many of 
the restrictions imposed by the 
materials he wants to use and the 
limitations or costs of the older 
methods of production. 

The castings illustrated are in 
ferrous metals and are examples 
from recent jobs which called for 
special characteristics not obtain- 

able at reasonable cost. by any 
helmet clip in stainless steel. other method. If you havea similar 
problem bothering you we would 
welcome the opportunity of seeing 
the drawing, or better still, the 
prototype—so that we can quote 
for the job. Intricate design or 
obdurate metal (or both) it’s all 
one to us. 


Deritend 


INVESTMENT CASTINGS 
castings with a difference 


MADE BY DERITEND PRECISION CASTINGS LIMITED 
BAYS MEADOW WORKS - DROITWICH SPA +» WORCS 


TBWw/51B 
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Scores of types-thousands of Applications-millions of Opera 


PLEASE CONSULT OUR CATALOGUE 50/16 


BURGESS PRODUCTS COMPANY LIMITED 
DUKES WAY - TEAM VALLEY - GATESHEAD 11 
Telephone: Low Fell 75322 (3 lines) 
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Fly by B.O.A.C. 


to all six continents 


GREAT BRITAIN - USA - SWITZERLAND - GERMANY 
ITALY - BERMUDA - BAHAMAS - CANADA 

WEST INDIES - SOUTH AMERICA - MIDDLE EAST 
WEST AFRICA - EAST AFRICA - SOUTH AFRICA 
PAKISTAN - INDIA - CEYLON - AUSTRALIA 

NEW ZEALAND - FAR EAST: JAPAN 


Consuls local hy 4 Agent or B.O.A.C. 
uways Terminal, Victoria, W. 1Ctoria 2323), 
73 Regent Street, W.1 (MAY fair 6611) or offices in BRITISH BY 
Glasgow, Manchester, Birmingham and _ Liverpool. 


BRITISH OVERSEAS AIRWAYS CORPORATION IN ASSOCIATION WITH QANTAS EMPIRE 


AIRWAYS LIMITED, SOUTH AFRICAN AIRWAYS AND TASMAN EMPIRE AIRWAYS LIMITED 
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in the cookers - MOTORS - GENERATORS - RADIO EQUIPMENT 
\ REFRIGERATORS - HEATING AND VENTILATION - LIGHTING FITTINGS - STEWARDS’ CALL 


SYSTEMS - HEAVY ALLOY - AIRCRAFT CABLES - WATER HEATERS - URNS - OSRAM LAMPS, ETC. 


on the sround AIRPORT LIGHTING AND CONTROL - GROUND 


has: TRAFFIC CONTROL - POWER EQUIPMENT AND CABLES - RADIO 


“ tite COMMUNICATION - NAVIGATIONAL AIDS - BROADCAST CALL SYSTEMS 
~N ~ TELEPHONE COMMUNICATION - LIGHTING FITTINGS - HEATING 


NX es AND VENTILATION - OSRAM LAMPS - COOKING EQUIPMENT 


AND ANY OTHER TYPE OF ELECTRICAL 


EQUIPMENT FOR AIRPORT BUILDINGS, ETC. 
GI G 
A 
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ELECTRICAL EQUIPMENT FOR AVIATION 


THE GENERAL ELECTRIC ‘CO. ERD... “MAGNET HOUSE. 


KINGSWAY, LONDON. W.C.2 


Volume Vo 1954 


The Aeronautical Quarterly 


With Volume V THE AERONAUTICAL QUARTERLY has returned to 
four issues a year. 


ParT | (May 1954) is now available. 
ParT 2 (July 1954) will be ready towards the end of August. 
ParT 3 will be published in September and Part 4 in November 1954. 


SUBSCRIPTIONS AND PRICES PER PART 
Members—per Part 7s. 9d. ($1.10). Subscription £1 11s. ($4.35) 
including postage and packing. 


Non-Members—per Part 15s. 3d. ($2.15). Subscription £3 Is. ($8.55) 
including postage and packing. 


The Royal Aeronautical Society + 4 Hamilton Place W.1 
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Britannia 
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Strong Man 
Shifts 3 tons 


But wait. He digs the 3 tons first, in one bite. 
Lifts it high in the air, swings it round, dumps it 
in the right place. Then he swings back again, 
ready for the next 3 tons. Time? One minute—one 
minute for the whole cycle. Strong man indeed—but 
he has electricity behind him. His hands are on the 
controls of an all-electric excavator, and he is 
digging and loading at a rate no score of men could 
hope to match. (Productivity !) High power under 
sensitive control is ONLY ONE OF THE 
AIDS TO HIGHER PRODUCTIVITY 
THAT ELECTRICITY CAN 
BRING YOU. 


The British Electrical Development Association 
2 Savoy Hill, London, W.C.2. 
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IN EVERY INDUSTRY OR TRADE, electrical equipment is 
the key to modern production methods. There are 
probably more production-boosting and money- 
saving devices than you know of. Your Electricity 
Board can help you and give you sound advice. 

They can also make available to you, on free loan, 
several films on the uses of electricity in Industry— 
produced by the Electrical Development Association. 

E.D.A. are publishing a series of books on 
“Electricity and Productivity”. Four titles are 
available at the moment; they deal with Higher 
Production, Lighting, Materials Handling, and 
Resistance Heating. The books are 8/6 each (9/- post 
free) and’ the Electricity Boards (or E.D.A. 
themselves) can supply you. 


Electricity 


a Powerof Good 
for PRODUCTIVITY 
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maintaining ground level performance up to 30,000 ft. 


SELECTOR VALVES of various types for use in conjunction | 


high rate of flow at low output pressure. | 


Enquiries to the Dunlop Rubber Co. Ltd. (Aviation Division) + Foleshill - Coventry 
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o> Serves the Aircraft Industry with... . 
THE MARK | COMPRESSOR Fee 2 a 3,000 p.s.i. supercharged unit 4 

| 

with pneumatic rams to operate all aircraft services. a 

The INFINITELY VARIABLE follow up control for 
are multi-position flap operation, PRESSURE RELIEF VALVES 
ar with a wide selection of blow-off pressures and supplementary units e 
LQ | 
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a blind eye can be dangerous 


A wise man does not wait till trouble comes, he 
insures against it. So with Britain... who 

today has built up an air strength formidable 
enough to deter any would-be aggressor. Much 

of this vast insurance for peace stems from the great 
Hawker Siddeley Group; the Group that builds 
such superb aircraft and jet-engines. Some 

of the most famous of these are the Hawker Hunter, 
finest fighter in the world; the Avro Vulcan, 

the world’s first 4-jet Delta-winged bomber; 

the Gloster Javelin, the world’s first twin-jet all 
weather delta-winged interceptor. All these 
aircraft are in super-priority production for the 
R.A.F. and N.A.T.O. They are the Western 
world’s forceful argument for a prosperous 

and peaceful future. 


Hawker Siddeley Group 


18 St. Fames’s Square, London, S.W.1 


PIONEER...AND WORLD LEADER IN AVIATION 


A.V. ROE GLOSTER ARMSTRONG WHITWORTH 
HAWKER + AVRO CANADA « ARMSTRONG SIDDELEY 
HAWKSLEY - BROCKWORTH ENGINEERING 


AIR SERVICE TRAINING - HIGH DUTY ALLOYS 
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Well over 13 million last year. And no wonder. For 90°% of all BEA’s international 


flights are by turbo-prop Viscounts or luxurious Elizabethans — smoother speed 


and pressurized comfort. And a network that links 51 of Europe’s principal cities— 


with frequent flights, and excellent service en route. Besides all this, BEA fares are 


agreeably low — with many tourist and cheap night tourist returns. No wonder, 


indeed. Full details and reservations from your Travel Agent. 


=A 
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The above photograph shows part of the 
rectangular-to-circular mixing section, 
stiffened to withstand pressure and 
vibration, and anchored to the supporting 
steelwork to counter the engine thrust. 
Expansion joints and roller supports are 
provided at other points to allow for 
thermal movement when the tunnel is 


operated. 


G.A. HARVEY & CO. (LONDON) LTD., 
WOOLWICH ROAD, LONDON, S.E.7 
Telephone: GREenwich 3232 (22 lines) 
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HAVILLAND 


HIGH SPEED 


WIND 


The welded structural steel and 
platework, designed in conjunction 
with De Havillands, was shop- 
fabricated and site-erected by 


Harveys. 
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The smooth vibrationless power 
and economy in operation 

of the propeller-turbine engine 
are features of the Rolls-Royce 
Darts which power the 
Vickers Viscount airliners. 
Already in service with B.E.A.., 
Air France and Aer Lingus, 
Viscounts are in production for 


many other operators. 


Aero Engines 
ROLLS-ROYCE LIMITED . DERBY 
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Hon. Secretary: H.C. SMITH, F.R.AeS., 
Vickers-Armstrongs Ltd., Supermarine Works, 
Hursley Park, Winchester. 


WEYBRIDGE 
President: G. R. EDwarps, C.B.E., F.R.Ae.S. 
Chairman: H. H. GARDNER, F.R.Ae.S. 
Hon. Secretary: J. H. SINcLaIR, A.F.R.Ae.S.. 
Vickers-Armstrongs Ltd., Weybridge. 


YEOVIL 
Hon. Secretary: L. A. LANSDOWN, A.F.R.Ae.S., 
Westland Aircraft Ltd., Yeovil. 
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JOURNAL OF THE ROYAL AERONAUTIC 


THE SECRETARY'S VISIT TO THE DIVISIONS 


By the time members receive this JOURNAL, the Secretary 

will have started on his visit to the Southern Africa, 

Australian and New Zealand Divisions, and the Singapore 

Branch. It is hoped on this visit to resolve the various 

problems concerning the Divisions, and also to discuss 

ways and means whereby the Society can help the members 

inthe Divisions. 

Members might be interested to know that the following 

is the Secretary’s itinerary : — 

30th July—Leave London for Johannesburg, arriving on 

31st July. 

6th August—Leave Johannesburg for Melbourne, arriving 

9th August. Visit Sydney and Adelaide. 

4th August—Leave Sydney for Auckland, arriving same 

day. 

$th September—Leave Christchurch for Sydney. 

9th September—Leave Sydney for Singapore, arriving 10th 

September. 

l6th September—Leave Singapore for London, arriving 
17th September. 

This visit will provide the Secretary with opportunities 

for meeting many overseas members of the Society. 


THE AUSTRALIAN DIVISION—MELBOURNE BRANCH 


The Melbourne Branch of the Australian Division of 
the Royal Aeronautical Society was formed on 16th 
September 1953, with Mr. L. P. Coombes, F.R.Ae.S., 
FILA.S., as Chairman and Messrs. G. D. Nicholl and 
W. Jackson as Hon. Treasurer and Hon. Secretary 
respectively. The inaugural address was given by Air 
Marshal Sir Richard Williams, Director General of Civil 
Aviation, on “ Air Transport in Australia,” on 18th March 
1954. The address of the Honorary Secretary is: 7 Boronia 
Street, Surrey Hills, Melbourne, E.10. 


THE CANADIAN AERONAUTICAL INSTITUTE 


Dr. J. J. Green (Fellow) has been elected the first 
President of the Canadian Aeronautical Institute and 
Mr. H. C. Luttman (Associate Fellow) has been appointed 
Secretary. 


ELLiotTr MEMORIAL PRIZE 


The Elliott Memorial Prize for 1954 has been awarded 
to Sergeant Aircraft Apprentice E. J. Walter, of the 
September 1951 Entry, who obtained the highest marks 
in the General Studies Examination. 


LECTURES ON AIR LAW 

_ The Faculty of Laws at University College, London, is 
introducing a 2nd Year Course in the evenings for non- 
degree students on International and Comparative Air Law. 
The Ist Year Course will deal with General Principles and 
the 2nd Year Course will cover Selected Problems on a 
more advanced level. Each course may be taken separately. 
Lectures for the Ist Year Course will be given on 
Wednesdays from 7-8.30 p.m. beginning on 13th October. 
1954. Lectures for the 2nd Year Course will be given on 
ey from 7-8.30 p.m. beginning on 13th October 


Persons not regular students of the College are admitted 
to the courses as Occasional Students. The fee for each 
of the two courses is £5 5s. Od. per Session and the Regis- 
tration Fee on first admission is 10s. 6d. Application 
forms, which must be returned by 15th September 1954, 
and full particulars, are obtainable from the Faculty Office, 
University College, London, Gower Street, W.C.1. 


NOTICES 


An annual sum of £250 is available for premium awards for papers, including 
Technical Notes, published in the Journal. 
Society are invited to submit papers on any aspect of aeronautics 


Members and non-members of the 


Diary 
LONDON 
September 30th 
GRADUATES’ AND STUDENTS’ SECTION. Air-to-Air Photo- 
graphy. Russell Adams. 4 Hamilton Place, W.1. 7.30 p.m. 
October 12th 
SECTION Lecture. Behaviour of Light Alloys at Elevated 
Temperatures. B. C. Gadd. 4 Hamilton Place, W.1. 7 p.m. 
October 19th 
GRADUATES’ AND STUDENTS’ 
Turbine in Airline Service. 
Place. 7.30 p.m. 
October 21st 
The Development of Re-Heat. J. L. 
Edwards. At the Institution of Mechanical Engineers, 
Storey’s Gate, S.W.1. 6 p.m. (Tea 5.30 p.m.) 


SECTION. The Propeller- 
T. M. Corson. 4 Hamilton 


ASSOCIATE FELLOWSHIP EXAMINATION 


Home entries for the December 1954 Associate Fellow- 
ship Examination should be received by the Secretary not 
later than 3lst August 1954. The lists for entries outside 
the United Kingdom have been closed. 


NEWS OF MEMBERS 


W. A. BATEMAN (Associate Fellow) has taken up an 
appointment with A. V. Roe of Canada Ltd., at Malton, 
Ontario. 

P. BLANDFORD (Associate Fellow) has been appointed 
Assistant Service Manager to Vickers-Armstrongs Ltd., 
Aircraft Division. 

L. W. BUCKLER (Associate Fellow) has taken up an 
appointment as Manager of the Experimental Department 
of Rolls-Royce Ltd. 

G. D. Dawson (Associate Fellow) has now joined the 
Australian National Airways Pty. Ltd. as Technical 
Adviser. 

H. B. IrRvING (Fellow) retired from the Ministry of 
Supply at the end of April. Formerly Assistant Director 
of Scientific Research (Air) he is continuing to act on a 
part-time basis as Consultant to D.A.R.D. at the Ministry, 
working specially on noise and noise suppression problems. 

AIR VICE-MARSHAL A. J. JAMES (Fellow) joins the Board 
of the Bristol Aeroplane Company of Canada, and Bristol 
Aero Engines on Ist September 1954. He also becomes 
Vice-President (Engineering) of the Aero-Engine Company 
on Ist September. 

PATRICK JOHNSON (Associate Fellow) is now in charge 
of the newly-opened London Branch of The Solar Aircraft 
Company of San Diego. 

HuGH MEREWETHER (Graduate) has joined the staff of 
Hawker Aircraft Ltd. as a Production Test Pilot. 

A. M. Pepuzzi (Graduate) has taken up an appointment 
with the Westinghouse Electric International Corporation, 
Aviation Gas Turbine Division in South Philadelphia. 

ProFessor A. J. SUTTON PipPaRD (Fellow) has been 
elected Vice-President of the Institution of Civil Engineers 
for the year 1954/55. 

REAR ApmiRAL M. S. SLaTTery, C.B. (Fellow) has 
received the Honorary Degree of D.Sc. from Queen’s 
University, Belfast. 

KINGSLEY N. SMITH (Associate) will shortly be taking 
up an appointment on the design staff of Canadair Ltd., 
Montreal. 


M. SPICKERNELL (Associate Fellow) been 


appointed Sales Superintendent by the David Brown 
Foundries Company Ltd., Penistone, Yorks. 
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GRADUATES’ AND STUDENTS’ VISIT TO LONDON DOCKS 

A water tour from Charing Cross Pier to view the 
London Docks has been arranged for the evening of 
Saturday, 18th September, at a fare of 4/- per head. 
Meals will be available, and the vessel is fuily licensed. 
Members and friends wishing to attend are requested to 
apply to the Honorary Visits’ Secretary, P. D. Stewart, 
217 High Road, East Finchley, N.2. 

It is hoped to organise an all-day visit to the Royal 
Aircraft Establishment, Farnborough, during October. 
Details will be published next month. 


MoDEL AERODYNAMICS CONFERENCE 

The Low Speed Aerodynamics Research Association will 
hold an All-day Conference on Model Aerodynamics on 
25th September at 4 Hamilton Place. Further details will 
be given next month; meanwhile information may be 
obtained from Mr. T. Dorricott, 84 Marston Gardens, 
Luton. 

ELECTIONS 

The following is a list of new members and transfers of 

membership of the Society :— 


Associate Fellows 
Geoffrey Dennis Adamson 
Robert Malcolm Allan 

(from Graduate) 
Neill Gibson Bennett 
(from Associate) 
Alexander Gordon Burne 
Fred Bradford 
(from Associate) 
Joseph Montague Caudle 
(from Associate) 
Leslie Cedric Collins 
(from Graduate) 
Peter Frederic Crawley 
(from Student) 
Leonard Charles Down 
(from Associate) 
Patrick Michael Dunne 
Walter Nigel Elwy-Jones 
Robert Peter Grimwood 
(from Student) 
Thomas Harry Hansoa 
John Harston 
(from Associate) 
Fred William Hooton 


Leonard John Jenkins 
(from Associate) 
Koduvayur Chandrasekhara 
Krishnan 
Charles Henry Lang 
(from Associate) 
John Freeman Leach 
(from Graduate) 
Edward Harry Maule 
(from Associate) 
Arthur Ethelbert Monk 
Frank David Moore 
(from Graduate) 
William Henry Pashley 
James Richard Porter 
Harold Pound 
(from Associate) 
Edwin William Rook 
George Patrick Bentley 
Shaw-Yates 
(from Associate) 
Sidney Harold Phillip Smith 
(from Associate) 
Anthony Frederick Thomas 
Andrew Douglas Watt 
Allen Henry Wheeler 
Associates 
Louis Benjamin Becker 
Richard Christopher Dell 
Joseph Duckworth 
Eric Charles Fripp 
Percy Ronald Haisell-Neves 
Stewart Edward Hammond 
Stanley Seymour Kempson 
Ernest Raymond King 
Jack Frederick Meston 
Graeme Dawson Pearce 


Graduates 

Richard Douglas Archer 
(from Student) 

Graeme Austin Bird 

Philip Joseph Coates 
(from Student) 

Eric Dobson 
(from Student) 

Herbert Kenneth Fothergill 

Andrew Robert Sutherland 
Gordon 

Donald Edsall Hatton 

Malcolm Lloyd Hayward 
(from Student) 


Students 

A. Ahamed Aga 

Jeremy James Danton 
Brown 

Vaughan Dobbyns 

William Penrhys Evans 

Reginald Free 

John Edward Gare 


Terence William Shreeve 
(ex-Student) 

Tara Singh 

Charles Edward Sullens 

Thomas Charles Edmund 
Tringham 

Jesus Ernest Vargas 
(from Graduate) 

Robert Fraser Ward 

Francis John Wensley 


Roy Walter Evan Hill 

Raymond John Hurren 

Peter Nuna Joubert 
(from Student) 

John Richard Marsh 
(from Student) 

Paul Leon Albert Raes 
(from Companion) 

Rajindar Singh Rangi 

John Slatford 

Joe Way Lee 


Christopher John Hyatt 

Ronald Thomas Lamin 

Peter Ernest William 
Sharman 

Edward James Whitehead 

Robert Harcourt Shipton 
Wood 
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ASSOCIATE FELLOWSHIP EXAMINATION—MAy 1954 


The following candidates were successful in the Associate 
Fellowship Examination held in May 1954:— 


PaRT I—HOME 

V. Angre, Strength of Aircraft Materials and Theory of 
Structures I. 

Miss S. Beale, Aerodynamics I, Strength of Aircraft 
Materials and Theory of Structures I. 

D. G. Clark, Magnetism, Electricity and Electronics 
Aerodynamics I, Strength of Aircraft Materials and Theor 
of Structures I. 

Senior Under Officer E. D. Frith, Theory of Prime 
Movers and Fuels. 

Flight Cadet B. B. Heywood, Aerodynamics I, Theory 
of Prime Movers and Fuels. ‘ 

J. F. Leigh, Aerodynamics I: K. R. Liversage, Aero. 
dynamics I. 

T. O’Brien, Magnetism, Electricity and Electronics, 

A. P. Plunkett, Pure Mathematics, Properties of Matter, 
Heat, Light and Sound, Aerodynamics I. 

C. Russell, Aerodynamics I. 

Miss P. M. Smith, Pure Mathematics, Properties of 
Matter, Heat, Light and Sound, Aerodynamics 1; Flight 
Cadet R. T. Snare, Aerodynamics I, Theory of Prime 
Movers and Fuels. 

Flight Cadet G. M. Turner, Applied Mathematics, Aero- 
dynamics I, Theory of Prime Movers and Fuels. 

J. W. Whiskin, Strength of Aircraft Materials and 
Theory of Structures I; P. A. Wilson, Applied Mathematics, 
Properties of Matter, Heat, Light and Sound, Theory of 
Prime Movers and Fuels. 


PaRT I—ABROAD 


J. J. David (Lucknow), Applied Mathematics, Aero- 
dynamics I, Strength of Aircraft Materials and Theory of 
Structures I, Magnetism, Electricity and Electronics. 

H. M. Israel (Bangalore), Pure Mathematics, Properties 
of Matter, Heat, Light and Sound, Aerodynamics I, Theory 
of Machines. 

C. S. Krishnamoorthi (Bangalore), Magnetism, Electricity 
and Electronics, Strength of Aircraft Materials and Theory 
of Structures I, Theory of Prime Movers and Fuels. 

K. R. Ananda Murthy (Bangalore), Aerodynamics I. 

R. Parthasarathy (Bangalore), Aerodynamics I, Strength 
of Aircraft Materials and Theory of Structures I. 

C. R. Ranganatha (Bangalore), Aerodynamics I; B. N. 
Vaman Rao (Bangalore), Theory of Prime Movers and 
Fuels; G. R. Venkata Rao (Bangalore), Strength of Aircraft 
Materials and Theory of Structures I. 


Part II-—HoME 

J. Alleroft, Strength of Materials and Theory of 
Structures II. 

T. S. Beddoes, Aircraft Design; W. Blydenstein, Aircraft 
Materials; K. J. Bullock, Aircraft Design. 

Flight Lieut. G. A. Elliott, Engine Design. 

V. N. Ferriman, Engine Design. 

J. W. Gardner, Strength of Materials and Theory of 
Structures Il; M. J. Goldsmith, Aerodynamics II. 

L. A. Hall, Strength of Materials and Theory of 
Structures II; B. E. Hart, Aircraft Design. 

J. Johnston, Aerodynamics II. 

J. MacNaughton, Aerodynamics II. 

R. P. Stanford, Aerodynamics II. 

S. W. Tubbs, Aircraft Design. 

B. S. Ward, Strength of Materials and Theory of 
Structures II; P. S. ¥Y. Wong, Strength of Materials and 
Theory of Structures IT. 


ParRT II—ABROAD 
K. S. Chandrashekaran (Bangalore), Aircraft Design. 
S. Y. Katan (Israel), Engine Design. 
J. Klaver (Amsterdam), Engine Design. 
K. R. Narayanaswamy (Allahabad), Meteorology. 
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THE 42nd WILBUR WRIGHT MEMORIAL LECTURE 


HE FORTY-SECOND Wilbur Wright Memorial 

Lecture, on “ The Choice of Power Units for Civil 
Aeroplanes,” was given by Dr. A. E. Russell, F.R.Ae.S., 
FLA.S., on 20th May 1954, at the Royal Institution, 
Albemarle Street, London, W.1. 

Sir Sydney Camm, C.B.E., F.R.Ae.S., President of the 
Society, presided at the meeting. As has now become the 
custom the chief medals and prizes awarded by the Council 
for the year were presented before the Lecture and in 
addition this year, the Musick Memorial Trophy, awarded 
by the Royal New Zealand Aero Club to Sir Bennett 
Melvill Jones, was presented. 

THE PRESIDENT introduced Mr. R. M. Campbell, 
C.M.G., Deputy High Commissioner for New Zealand, 
and invited him to present the Musick Memorial Trophy. 

Mr. R. M. CAMPBELL, C.M.G. (Deputy High Com- 
missioner for New Zealand): He took it that they would 
recall the ancestry of this trophy. Following the loss in 
1938 of the Pan-American Airways aeroplane “ Samoan 
Clipper” on its inaugural mail flight to New Zealand, 
when the Commander, Captain Edwin Musick, and _ his 
crew lost their lives, a fund was raised in New Zealand 
to purchase a trophy to perpetuate their memory. It was 
decided that its purpose should be to advance as far as 
possible the cause of safety in air travel. Everyone, 
whether concerned directly as a passenger himself or 
concerned for those who are passengers, would agree that 
safety was infinitely more important than speed or com- 
fort. It was a happy thought that the memorial to Captain 
Musick and his crew should be expressed in an effort to 
improve the safety of air travel, in a tribute to those who 
have played a distinguished part in that cause. 

This year the Royal New Zealand Aero Club decided 
that there was no one more deserving of the award than 
Sir Bennett Melvill Jones, who, over a long period, had 
contributed to the efficiency and safety of aircraft. They 
felt that he was a most worthy recipient, and in their name 
he had the honour to present this trophy to him. 


THE PRESIDENT then announced that this year the 
Council had awarded two Honorary Fellowships—the 
highest tribute the Society could pay. They were to 
Sir A. H. Roy Fedden, M.B.E., Fellow, Hon.F.1.A.S., and 
Air Commodore Sir Frank Whittle, K.B.E., C.B., R.A.F. 
(retd.), F.R.S., F.R.Ae.S. Unfortunately Sir Frank Whittle 
was unable to be present but he had much pleasure in 
presenting the scroll of Honorary Fellowship of the Society 
to Sir Roy Fedden, whose work was known to them all. 


The President then presented the following medals : — 


The Society's Gold Medal—awarded for work of an 
outstanding nature in Aeronautics—to 

Sir GEOFFREY TAYLOR, F.R.S., Hon.F.R.Ae.S., Yarrow 
Research Professor, for his outstanding contributions to 
Aeronautical Science. 


The Society's Silver Medal—awarded for work of an 
outstanding nature in Aeronautics—to 

PROFESSOR W. J. DuNcAN, C.B.E., D.Sc., F.R.S., 
F.R.Ae.S., Mechan Professor of Aeronautics and Fluid 
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D.Sc., F.R.Ae.S., F.LA.S., 42nd Wilbur 


Wright Memorial Lecturer. 


A. E. RUSSELL, 


Mechanics, University of Glasgow, for his outstanding 
work in aeronautical science and education. 


The Society's Bronze Medal—awarded for work leading 
to an advance in Aeronautics—to 

H. B. Howarp, B.A., B.Sc., F.R.Ae.S., Assistant 
Director of Research, Structures, Ministry of Supply, for 
his long and valuable work on aircraft structures. 


The British Gold Medal for Aeronautics—awarded for 
outstanding practical achievement leading to advancement 
in Aeronautics—to 

A. G. Ex.iotr, C.B.E., F.R.Ae.S., Joint Managing 
Director and Chief Engineer, Rolls-Royce Ltd., for his 
outstanding practical achievement in the design and 
development of aircraft engines. 


The British Silver Medal for Aeronautics—awarded 
for practical achievement leading to advancement in 
Aeronautics—to 

R. A. C. Brie, A.F.R.Ae.S., Official in Charge of British 
European Airways Helicopter Experimental Unit, for his 
practical contributions to the development of rotary wing 
aircraft. 
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Dr. R. M. CAMPBELL, C.M.G., Deputy High Commissioner 

for New Zealand, presenting the Musick Memorial Trophy to 

Sir BENNETT MELVILL JoNEs, C.B.E., A.F.C., M.A., F.R.S., 
Hon.F.1.A.S., Hon.F.R.Ae.S. 


The George Taylor (of Australia) Gold Medal— 
awarded for the most valuable contribution read before, 
or received by, the Society on Aircraft Design, Manu- 
facture or Operation—to 

CapTAIN V. A. M. Hunt, B.A., A.F.R.Ae.S., Director 
of Control and Navigation, Ministry of Transport and 
Civil Aviation, for his paper on “* Air Traffic Control Today 
and Tomorrow.” 


The Simms Gold Medal—awarded for the most valu- 
able contribution read before, or received by, the Society 
on any subject allied to Aeronautics, such as structures, 
meteorology or metrology—to 

E. D. KEEN, B.Sc., F.R.Ae.S., Assistant Chief Designer, 
Sir W. G. Armstrong Whitworth Aircraft Ltd., for his 
paper “ Integral Construction—Its Application to Aircraft 
Design and its Effect on Production Methods.” 


The President then introduced Dr. A. E. Russell, 42nd 
Wilbur Wright Memorial Lecturer: 

THE PRESIDENT: I have now very great pleasure in 
introducing our lecturer, Dr. A. E. Russell. 


Mr. A. G. Etuiott, C.B.E., F.R.Ae.S., receiving the British 
Gold Medal from the President, Sir SYDNEY CAMM. 


Sir GEOFFREY TAYLOR, F.R.S., Hon.F.R.Ae.S., receiving the 
Gold Medal of the Society from the President, Sir Sypyey 
CamM, C.B.E., F.R.Ae.S. 


Dr. Russell was educated at Folfield Secondary School, 
Bristol, and at Bristol University. He joined the Bristol 
Aeroplane Co. Ltd. from the University in 1926, becoming 
Chief Technician in 1932, Deputy Chief Designer in 1937 
and Chief Designer in 1943. Since 1951 he has been 
Director and Chief Designer, Aircraft Division. He is 
also a Director of Rotol Ltd. 


Beginning his career in the aircraft industry under the 
late Captain F. S. Barnwell, who was Chief Designer of 
the Company from 1915 until 1936 and one of the early 
pioneers in aircraft development, Dr. Russell has been 
closely connected with and responsible for many famous 
Bristol aircraft; but he is probably best known as the 
designer of one of the biggest aeroplanes yet built—the 
* Brabazon ’—and more recently as the man responsible 
for the “ Britannia.” 


Dr. Russell was awarded the British Gold Medal in 
1951 for practical achievement in aircraft design and was 
made an Honorary Doctor of Science at Bristol University 
in December 1951. 


In December 1949 he gave the Thirteenth Wright 
Brothers Lecture to the Institute of the Aeronautical 
Sciences in Washington. 


Mr. H. B. Howarp, F.R.Ae.S., receiving the Bronze Medal of 
the Society from the President, Sir SYDNEY CAMM. 
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UITE OFTEN, those whose honour it has been to 
sinc the Wilbur Wright Memorial Lecture have 
used the occasion to present a survey of progress along 
a fairly broad front and thence to predict what the 
future holds in store. 

It may be that the courage, insight in experiment, 
and skill in craftsmanship, which culminated in that 
successful demonstration of fifty years ago last Decem- 
ber, have excited those whose privilege it has been to 
commemorate that achievement to undertake flights in 
the realm of prophesy. A time so near the fiftieth 
anniversary might be considered unusually appropriate 
0 historical review and philosophic speculation, but 
since Sir Harry Garner’s 1952 Lecture “ Prophesy and 
Achievement in Aviation,” the Royal Aeronautical 
Society has been busily converting crystal balls into 
models of the Montgolfiere balloon. 

If further restraint is necessary, it is given by 
Wilbur Wright himself. He is quoted by Dr. Hugh 
Dryden as saying “I confess that in 1901 I said to my 
brother that man would not fly for fifty years. This 
demonstration of my impotence as a prophet gave me 
such a shock that ever since I have avoided all predic- 
tions . . It is not necessary to look too far into 
the future, we see enough already that it will be 
magnificent.” 

One could justifiably interpret this precept as includ- 
ing the second generation of turbine-engined civil air 


. liners, a period not so short when measured in terms of 


years, for the development time for this class of aircraft 
and their engines is unlikely to diminish. This allows 
an apparently long term and organised exploration over 
gtound whose boundaries can reasonably well be 
defined; new inventions that arise, and which may subse- 
quently modify and enlarge basic design premises, are 
unlikely to appear first in commercial aircraft guise. It 
I$ sometimes necessary to restrain the eye from 
Wandering too far ahead, waiting for the exciting 
Pfospects that periodically stream into aeronautical 
vision. Since experience tells us that some of these 
vistas prove later to be unsubstantial and others are not 
teached by the first expedition, a sense of proportion 
Must be maintained. 

_ Even in a search of deliberately restricted radius, it 
is difficult to scan in an unbiased sweep with a view 
unweighted by preconceived notions. So it is most 
Important that we use our wits and not our emotions to 


The 42nd Wilbur Wright Memorial Lecture 


The Choice of Power Units for 
Civil Aeroplanes 


A. E. RUSSELL, D.Sc., F.R.Ae.S., F.1A.S. 
(Director and Chief Designer Aircraft Division, Bristol Aeroplane Co. Ltd., Filton, Bristol) 


select the most promising way ahead, and our judgment 
to decide on the next stage at which to rest. It may be 
that no sure path is obvious, in which case it wil! be 
necessary to follow more than one track. 

With this conditioned background, the survey now 
to be made of the factors affecting the choice of power 
units for civil aeroplanes will ignore solutions demand- 
ing major fundamental change either to engine or 
aircraft. I do not expect any question concerning the 
omission of nuclear energy; few will expect supersonic 
performance, or quarrel with my neglect to diminish 
the task of the engine by depending upon reduction of 
aircraft drag by extensive suction of the boundary layers. 
Such solutions may appear eventually but their con- 
sideration for commercial application is premature— 
this does not imply that they are all equally remote. 
Limiting the scope to the continued development of 
established practice is, I believe, consistent with arrange- 
ments that could be acceptable, in the next decade, to 
an airline operator in the throes of facing up to the 
selection of a new fleet. This limitation will not make 
the subject non-controversial. 

Argument and propaganda relating to existing or 
possible future forms of civil aircraft is unceasing, and 
views expressed are frequently influenced by particular 
local interests and even nationality. This apparent 
diversity of expression is to some extent due to the 
ever-increasing difficulty, and sometimes also to the 
embarrassment, of departing from a firm course 
previously set. Such constrained flexibility may apply 
to an aircraft manufacturer, an airline, and even to those 
who determine national aviation policy. 

In this hurly burly it is inevitable that some con- 
fusion should exist and it is indeed difficult to form a 
fair impression by sifting unrelated opinions which often 
apply only to specialised cases. It is not surprising that 
exaggerated and inconsistent claims are made. Anyone 
engaged in civil aviation will hear from time to time 
the assertion that all the airlines have to sell is speed. 
A variation on this theme is the claim that if a com- 
peting aircraft justifies a shorter scheduled block time 
by a relatively small margin, then the purchase of 
equally fast aeroplanes becomes inevitable. At the 


same time some airlines, especially abroad, have been 
heard to state that the introduction of a new type is 
unjustified unless it is at least a hundred miles an hour 
faster than its predecessor. 
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Another view expressed is that the travelling public 
will not tolerate higher fares so that gains in perform- 
ance must not be bought at the expense of higher 
operating costs. 

It is apparent that what the travelling public is most 
prepared to buy is not well understood within the con- 
dition, of course, that the airlines must operate under 
some acceptable standards of economics. For this 
reason an old occupational instrument, the kaleidoscope, 
is much in fashion. Pieces representing speed, route 
conditions, fuel reserves, payload and other factors are 
introduced, the whole given a series of twists so as to 
produce a variety of arrangements. The picture 
presented becomes more or less complex according to 
the number of reflections. This is a reasonable simile 
for a civil aircraft designer’s endeavour to devise and 
engineer aeroplanes whose qualities combine to satisfy 
both the most canny and the most impatient passengers. 
In this operation the hinge point in each picture is the 
form of power unit adopted, for it is around its 
characteristics that the pattern of the aeroplane is 
moulded. 

It is naturally implicit that within any such analysis 
some solutions will be discarded on the grounds of 
failure to comply with established standards of safety. 
or by reason of new hazards which other experience 
suggests may be introduced. 

Here, at least in principle, all must be in full accord. 
There are, however, many aspects to safety, some of 
which are related to the statistical probability of 
mechanical failure. This is a subject on which I shall 
not dwell, although it has been used as the basis for 
international debate on the proper choice of engine 
location. We are all so well aware of diversity in the 
chosen arrangements of engine-aircraft combination that 
a selection of the form most suitable for civil aircraft 
would be invidious. 

On the other hand, certain aspects of safety cannot 
be ignored and these include both the carriage of fuel 
reserves adjusted so as to comply with realistic opera- 
tional practice and also, adequate performance at 
and in the vicinity of the airport. In this latter aspect, 
not only must landing and take-off distances be con- 
strained by airport geography but also, approach speed 
and attitude must fit into the capacity of the ground 
landing aids provided. 

From this point, the sub-objectives in my approach 
towards the comparison of civil aircraft when fitted with 
different forms of engine can be stated. 


Review of power unit performance 

. Variation of aircraft size with still-air range 

. Determination of aircraft size for particular 
routes 

4. Estimated operating costs. 


An aircraft designer may sometimes speak of the 
engine as another of those accessories which must, un- 
fortunately, be fitted in an otherwise good aeroplane. 
This is a viewpoint which may frequently find sympathy 
in aircraft design offices, but on an occasion such as this 
one must admit that the technical quality of the engine. 
good or bad, controls the performance boundaries which 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


ry AUGUST 1954 


the optimum aircraft can attain. This is at least true 
for a theoretical analysis depicting aircraft trends and jp 
which problems of practical engineering may always 
be assumed to have such solutions as may be reached 
only by the most skilled engineers. 

So the first part of this investigation must be the 
presentation of comparative engine data on which the 
validity of the conclusions of the subsequent aircraft 
analysis will depend. Although in this initial excursion 
I may appear to invade territory outside my own, my 
intention is but to record the potential performance of 
the various types of engine and to acknowledge our 
dependence upon the engine designers for providing 
power in a form best adapted to Civil Aviation. 


Engine Data 


The major engine characteristics that are of direct 
interest to the aircraft designer are 


(i) Specific fuel consumption 
(ii) Installed weight 
(iii) Suitability for installation whereby the least 
penalties in aircraft weight and drag are 
incurred 
(iv) Flexibility of power output so as to allow wide 
limits of speed and height of aircraft operation. 


The different forms of turbine engine, the turbo-jet, 
the ducted fan and the turbo-prop represent a different 
relative emphasis on these various factors. 

The common basis is that all these engines can be 
regarded as operating on the same thermodynamic 
cycle for producing heat energy. Their difference in 
overall performance characteristics stems largely from 
the particular methods adopted for converting this 
energy into thrust, and the efficiency of this conversion. 
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Ficure |. Turbo-jet cruise performance. 
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FiGure 2. Turbo-prop cruise performance. 


For example, specific fuel consumption and _ specific 
power Output are closely linked with the overall 
efficiency, which is influenced not only by the thermal 
cycle efficiency but also by the dynamics of the mass of 
air energised. 

In the gas producer, the more important design 
parameters that control the cycle efficiency are the com- 
pressor pressure ratio, the turbine inlet temperature and 
the operating efficiencies of the compressor and turbine. 


The Turbo-jet 


Figure | shows the form of relationship between 
these design parameters and specific fuel consumption 
and specific power output for turbo-jet engines. Each 
point on the curves represents a separate engine in a 
family having constant component efficiencies. The 
values of efficiency used represent advanced standards 
of development and are likely to approach the limits of 
practical achievement. 

The curves show that specific fuel consumption rises 
with increased turbine inlet temperature, in spite of the 
better thermal cycle efficiency. The reason is that with 
the higher jet velocities the propulsive efficiency falls 
to an even greater degree. Better fuel economy is 
teached by moving towards lower specific power which 
implies greater engine weight. Thus for a particular 
aircraft application there will be an optimum turbo-jet 
engine, that is to say one in which the combined weight 
of installation and the fuel required is a minimum. 

_ It can be inferred from Fig. 1 that the potential 
Improvement of turbo-jet engines for use in subsonic 
civil aeroplanes is confined to relatively small advances. 
The only way to reduce fuel consumption substantially 
and to take the maximum possible advantage of higher 
Operating temperatures is to reduce the kinetic energy 
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wasted in the jet. This can be achieved only by adding 
to the propulsive system some means of increasing the 
mass of air energised. 


The Turbo-prop 

The limit that can be reached in increasing the mass 
of air energised is obtained by absorbing the gas energy 
by additional turbine stages, the power being trans- 
mitted by mechanical coupling to a propeller. Fig. 2 
shows the modified relationship between the design 
parameters and engine performance. It is apparent 
from these curves that the modified propulsive system is 
successful in realising a benefit from the higher thermal 
efficiencies arising from increased cycle temperature. 
Higher turbine inlet temperatures now yield compatible 
trends towards lower specific fuel consumption and also, 
higher specific power output. Thus blade working tem- 
perature limitations become a positive restriction in the 
design of high economy turbo-prop engines, so 
developments in this direction can be expected to lead 
to further gains. This possibility will be ignored how- 
ever, and the figures ascribed to the values of engine 
performance to be used presently in the aircraft analysis 
will not be extrapolated beyond those within reach by 
established techniques. It should be pointed out that in 
the preparation of Fig. 2, the same values of pressure 
ratio and component efficiencies have been used as for 
Fig. 1, but appropriate deductions have been included to 
take account of the additional mechanical losses in the 
reduction gear to the propeller. 

To reduce shaft horsepower to a common basis of 
thrust so as to permit ready comparison with the other 
engines, it is of course necessary to introduce a propeller 
efficiency factor. 


Propeller Performance 

Propeller performance is normally calculated in Great 
Britain by a method developed by an S.B.A.C. Panel 
formed in 1942 and on which representatives from the 
British propeller companies served. The allowances 
made in this method for compressibility, as applying to 
very high performance aircraft, need modification. At 
high Mach numbers compressibility is a major factor 
influencing efficiency and it is necessary to relate the 
blade characteristics to helical speed. 

The two major propeller companies in England have 
recently introduced refinements into the Standard 
Method to improve the accuracy of calculated perform- 
ance. One used the strip method applying local section 
lift /drag ratios corrected for compressibility. The other 
employed an extension derived from wind tunnel tests 
made in America. These tests covered a wide range of 
blade geometry up to 0:8M forward speed, so it was 
possible to obtain blade profile drag at appropriate 
values of thickness/chord ratio, blade mean lift coeffi- 
cient, aircraft speed and advance ratio. This extension 
to the Standard Method is particularly useful for the 
initial design of blades to arrive at the optimum blade 
width, thickness ratio and camber. Both methods give 
substantially the same results. Fig. 3 shows the free 


air efficiencies so obtained corrected to propulsive 
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efficiencies for a propeller designed for cruising at 
M=0-75. 

Most of the basic information on propellers for high 
power and high forward speed comes from America. 
That most readily accessible was given by Brady in his 
paper at the 1951 Anglo-American Conference*. This 
paper presents the results of extensive development 
work from which the data provided enables propeller 
performance to be estimated. Information from several 
other sources is in very close agreement so that the 
envelope curve of efficiency given in Fig. 3 may be 
assumed to indicate generally accepted values. It is 
interesting, although not surprising, that a particular 
propeller independently designed for M=0-75 conforms 
as a member of the family represented by this envelope 
curve. 

Brady also gave the results of flight tests on an aero- 
plane flying at 550 m.p.h. at 20,000 ft. Here the 
propeller performance as measured by a torquemeter 
and a thrust meter gave higher values of efficiency than 
those given by the envelope curve. The more conserva- 
tive estimate will be used for the purpose of converting 
the shaft horsepower of turbo-prop engines into thrust. 

For interest, values appropriate to the 1940 era type 
propeller are also shown, and it can be seen immediately 
that a thin section blade of trapezoidal form effectively 
moves the efficiency curve approximately 0-15 M in the 
direction of higher forward speeds. 

Although at this stage I am not concerned with noise 
it is worth pointing out that these are not true supersonic 
propellers. The helical tip Mach number in the worst 
case does not significantly exceed unity. Even so it 
can be seen that there is a sharp decline in efficiency, 
due to compressibility effects, as the forward speed 


*Propellers for High Powers and Transonic Speeds. G. W. 
Brady. Third Anglo-American Aeronautical Conference 1951. 
Royal Aeronautical Society. 
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approaches 0:75 Mach number, and this will mark the 
probable limit on operational flight speeds for civil 
aeroplanes. 


The Ducted Fan 


So far we have seen that, at one end of the scale, the 
turbo-jet possesses, among its many attractive qualities, 
an inherent need of high calorific nourishment, whereas 
at the other end of the scale, the turbo-prop engine, 
while showing signs of moderate temperance, exhibits 
a physical inaptitude towards excessive speed. Some. 
where between these two forms lies the ducted fan 
engine, the cross-breed designed to moderate these 
deficiencies. As there are few examples of this type of 
engine and in these cases little information has been 
published, future prospects can only be suggested. 

The ducted fan consists of a low pressure compres- 
sor or fan driven by a power turbine similar to that 
employed in a turbo-prop engine. Such a fan can induce 
a significant mass of air to augment that passing through 
the gas producer, so improving the Froude efficiency of 
the propulsive system. The fan being enclosed within 
a duct operates in a flow of reduced velocity, thereby 
postponing the adverse effects of compressibility. The 
magnitude of the improvement to the propulsive 
efficiency as compared with the simple turbo-jet, will 
depend upon the by-pass ratio. This is defined as the 
ratio of fan mass flow to engine mass flow, so the ratio 
for the simple turbo-jet is zero. 

The proportion of air actuated (i.e. the by-pass ratio) 
is open to choice, always remembering that the greater 
the mass of air the lower the compression ratio and the 
heavier the machinery. On balance it is unlikely that 
the ratio will much exceed 2:0 so it may be assumed 
that representative values of 0-75 and 2-0 will cover the 
probable field. Appropriate propulsive efficiencies for 
stratospheric flight are shown in Fig. 4 and, again for 
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Ficure 4. Propulsive efficiency. 
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ymparison, net propeller values allowing for slipstream 
losses are included. The equivalent by-pass ratio for 
i propeller will exceed one hundred. 

The ducted fan engine will not, of course, achieve 
the ideal gain as suggested by the simple relationship 
between by-pass ratio and Froude efficiency. There 
must be losses at the fan, in the final nozzle and skin 
friction in the duct. Also in the practical case mixing 
of the two streams by inter-penetration will involve 
additional energy losses. The gains in propulsive 
dficiency, as illustrated in Fig. 4, for by-pass ratios of 
(75 and 2-0 are approximately 8 and 16 per cent. 
respectively, when compared with a straight jet engine 
of the same gas producer standard. 

Likely specific fuel consumption for ducted fan 
engines can now be inferred and these are shown in 
fig. 5 together with comparative values for turbo-jet 
and turbo-prop engines of comparable development 
standard. Numerical values have been omitted but a 
fair qualitative impression can be had from the relative 
position of the curves referred to the base which defines 

The relative positions of the curves would be some- 
what modified for basic engine design parameters 
(pressure ratio, component efficiencies, and peak cycle 
temperatures) different from those assumed. As already 
stated, however, the values used represent advanced 
standards of engine development. 


Engine Installed Weight 

In ascribing values to specific fuel consumption no 
variation was included to allow for differing sizes of 
engine. A detailed analysis has shown that perform- 
ance does, in fact, improve with engines of higher mass 
flow although the rate of improvement progressively 
decreases. On the other hand specific weight moves in 
the reverse direction. As a consequence, for conditions 


' appropriate to flights of medium and long duration, 


the two effects tend to cancel each other out. Because 
of this, the weight of turbo-jet engines will be taken as 
directly proportional to their design mass flow, this mass 
flow being adjusted to produce the thrust required to 
meet the cruising conditions of the relevant aeroplane. 
The value for the total installed weight will be taken as 


| 21 times the engine design mass flow. 


On the basis of equal mass flow the weight of a 
turbo-prop engine is appreciably greater; the obvious 
teason for this is the additional mechanical complication 
including the propeller reduction gearbox. In conse- 
quence the mass flow factor to give engine installed 
weight, less propeller, must be increased from 21 to 
about 50. The mistake should not be made of using 
these two figures directly to compare relative engine 
Weights. Not only is the mass flow required to produce 
4 given thrust profoundly influenced by the propulsive 
efficiency of the particular system, but also the thrust 
tequired varies with the size of the related aeroplane and 
ts operating altitude. A fair comparison can only be 
made after different engines and aeroplanes have been 
matched to a given operational specification. 

Some warning must also be given to those who 
might expect a very close agreement between engine 
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Ficure 5. Relative specific fuel consumptions: turbine engines. 


installation weights given by this simple method and the 
known weights of existing engine installations. Gener- 
ally it would be found that this approximation gives 
weights that are too low, especially for turbo-props. The 
explanation is that the standards set take advantage of 
many ideas and techniques not available at the time 
when most existing engines were conceived. The 
assumptions given are consistent with recent detail 
design studies. 

Confidence in the assumptions relating to ducted fan 
engines is less well founded because suitable data are 
very limited. In addition estimates of their installed 
weight are more complicated because suitable engineer- 
ing arrangements will probably differ according to 
whether the particular by-pass ratio is high or low. This 
fact has influenced the choice of 0-75 and 2-0 for 
illustration. The value of 0-75 is about the highest that 
can be obtained by enlarging the low pressure com- 
pressor of a compound engine and adding stages to the 
low pressure turbine with no reduction gearing. The 
value of 2:0 represents a reasonably large practical 
value and necessitates reduction gearing to drive the fan. 

Theoretically the optimum value of by-pass ratio is 
considerably higher, especially at the lower Mach 
numbers. Were it not for the overall losses in the duct- 


ing the fan could be more in the nature of a propeller. 
The duct losses at this limit however would more than 
outweigh the diminishing gain arising from the higher 
efficiency of a fan in a duct. Also, the stiffness required 
in a very large ring duct to maintain controlled tip clear- 
ances will inevitably result in substantially added 
weight. 
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An indication as to the relative increase of engine 
diameter with increasing by-pass ratio is given by the 
following empirical formula: 


Engine maximum diameter=5:5+ 2:4 Ay(1+A) 
where A;=design air mass flow 
\= by-pass ratio. 


This formula may also be used to define the diameter 
of a straight jet engine. 


Assumed Engine Data 


The various engine performance characteristics that 
control aircraft performance can now be gathered 
together. It is important to remember that, in this 
collection, the actual figures given do not refer to any 
particular existing engines but to a hypothetical group 
of equal development standard, and based on common 
theoretical and technical ground. It must not be 
expected that engines with differing pressure ratios, 
compressor and turbine efficiencies or turbine inlet 
temperatures will conform. 

By way of illustration of this point one variation of 
the turbo-jet engine is introduced in which all design 
parameters other than the operating cycle temperature 
remain the same. Referring back to Fig. | it can be 
seen that a variety of choice is open according to the 
characteristic on which it is desired to place most 
emphasis. On these grounds, in addition to an engine 
of normal operating cycle temperature (by modern 
standards), an engine designed for low temperature and 
hence low specific power and also low specific fuel con- 
sumption is included for illustration. 

A summary of the static performance of a group of 
turbo-jet and ducted fan engines, based on the preced- 
ing data and assumptions, is given in Table I. The 
outstanding variable is the design air mass flow, which 
may be adjusted to suit any aeroplane performance 
requirement. It is assumed that complete freedom 
remains to select any desired value. 

The static thrust and specific fuel consumptions 
quoted are calculated by the standard methods appro- 
priate to the heat engine cycle and, as explained earlier. 
assume highly sophisticated component design. 

Performance at altitude and at any speed may be 
calculated in like fashion. 

It is necessary, however, to introduce certain adjust- 
ments for normal installations. Pressure losses in the 


TABLE I 


ASSUMED ENGINE STATIC PERFORMANCE IN TERMS OF DESIGN 
AIR MASS FLOW A,, 


Installed S.L. Static 


Weight Thrust Wi 
Type of Engine Was SAC. 
(a) High temperature 21 A,, 68 0-31 0-80 
(b) Lowtemperature 21 A,, ST A. 0°37 0-71 
Ducted Fan 
By-pass 28 A,, 86 0°325 0-625 


ratio 109 A, 0:34 0-49 
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TABLE II 


Example: Each engine to give 3,000 lb. thrust, at 085M a 
the I.S.A. tropopause 


Turbo-Jet 

Engine High Temp. Low Temp. Ducted Fan 

0 0 075 
T/3 A, 93-5 76 104-5 13 
A. 138 172 128 119 
(1+A)A,, 138 iby 223 357 
Diameter, in. 33:5 37:0 41-0 50°5 
Installed weight, Ib. 2,900 3,600 3,600 4,400 
SEC. 0:98 0-91 0:87 0:805 
S.L. Static Thrust, lb. 9,300 9,800 11,000 13,050 


intake system reduce thrust and increase fuel consump. 
tion. The same adverse effects arise if air is bled from 
the compressor to provide cabin pressurisation. 
Moreover whatever the form of drive, power must be 
absorbed in working the accessories. Because of these 
things a larger engine must be provided and more fuel 
will be consumed than would be the case for an engine 
operating under ideal conditions. 

Typical corrections are included in Table II, which 
shows the derived engine characteristics consequent 
upon a stated requirement to produce 3,000 Ib. of thrust 
at 0-85 Mach number at the I.S.A. Tropopause. This 
form of calculation is followed in the subsequent air- 
craft analysis. 

Before a similar treatment can be applied to turbo- 
props a study into propeller trends at high forward 
speeds is necessary. The variation of efficiency with 
Mach numbers has already been given, and an equiva- 
lent examination of power absorption will lead to 
propeller sizes and hence weight. 


Propeller Weight 


It was found possible with a reasonable degree of 
accuracy to express the results of power absorption 
calculations in a form giving the variation of 
S.H.P./(~sD*) with forward speed for different design 
C,, values. This relationship is shown in Fig. 6. All 
the significant dimensions of a propeller are included in 


this relationship, and are in a form suitable for transla- | 


tion into weight estimates. 

From information gathered from a number of exist- 
ing and projected designs it was found that a close 
approximation to the weight of steel propellers, with 
four blades of constant chord, is given by 


W,—22'5 sD? 


Making an allowance for the weight of the spinner, 
constant speed unit and so on, the total weight may be 
taken as 


The variation of BHP/(csD2) with forward speed is 
known, so by substitution the variation of BHP/(cW;) 
is obtained. 

The indication is that for constant design C,, and 
altitude, propeller size and specific weight decrease 
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with increased design speed. If higher performance is 
achieved by greater power the actual weight will, of 
course. increase in direct consequence. Thus for a 
general study, propeller weight may be taken as directly 
proportional to the ratio of S.H.P. and the relative 
density at cruising altitude. When assessing S.H.P. the 
engine may be assumed to have its nozzle size fixed so 
4s to give Optimum distribution of power between the 
propeller and the residual jet. As cruising speed 
increases the proportion carried by the shaft diminishes; 
at0°75 Mach number the power in the propeller may be 
taken as about 75 per cent. of the total equivalent horse- 
power. 
Propeller weight may be taken as 


W,=0-115 SHLP./ cr. 


The weight of a turbo-prop engine installation can 
now be found to suit any stated requirement; an example 
isgiven in Table III. It would be inappropriate to take 
the same speed condition as used in Table II so a range 
of lower speeds has been used. Selecting the values 
quoted at 0°75 M and comparing these with the values 
for the high temperature turbo-jet engine at 0-85 M, it 
can be seen that the weight of the power unit installation 
israther more than twice that of the turbo-jet for equal 
net thrust. but the specific fuel consumption is rather 
less than two thirds. 

Although detailed results will be given later it is 
worth while to pause in order to make a tentative com- 
parison. Taking typical values of aircraft drag/lift 
ratios (i.e. thrust/weight), turbo-jet and turbo-prop 
engine installations will be approximately 6 and 12 per 
cent respectively of the aeroplane gross weight (these 
percentage weights will only apply when the initial 
cruising altitude is at the tropopause). A process of 
simple arithmetic now shows that for equal thrust the 
weight of combined engine plus fuel is equal for the two 
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Ficure 6. Propeller power absorption and weight against speed. 
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TABLE Ill 


TURBO-PROP ENGINES 


Example: Each engine to give 3,000 lb. thrust at 0°75M at 
the I.S.A. tropopause 


M 0-60 0-65 0-70 0-75 
0:86 0-85 0:82 0:77 
E.H.P. 3,750 4,100 4,550 5,200 
W 3,900 4,100 4,420 5,000 
W 1,070 1,170 1,290 1,480 
Woot 4,970 5,270 5,710 6,480 
S.F.C. Ib./Ib. T 0°45 0:50 0°55 0-61 


types of engine at approximately 1,350 miles still-air 
range; this result however must be qualified by reason 
of differences in take-off performance allowances. 


Aircraft Derivation 

The stage now reached is highly idealistic; a large 
range of engines of turbo-jet, ducted fan and turbo-prop 
form is assumed to be available to the aircraft designer, 
in any size he cares to specify. He may have complete 
confidence that each engine, whichever one his choice 
may be, will be as fully developed as any other and be 
capable of delivering its full performance at the time at 
which an aircraft can be prepared and made ready to 
begin its flight trials. 

In this happy state of affairs the next move takes us 
into the province of aircraft initial project design and 
here too some infallibility of skill in prediction must 
also be assumed. 

The present review is confined to civil aviation, and 
more particularly to transport aircraft for medium and 
long range routes. For such operations it is not un- 
reasonable to assume that the specified basic require- 
ment is the carriage of 25,000 lb. of payload, a load 
equivalent to approximately 100 tourist passengers plus 
a small amount of freight. This, with normal volumetric 
allowances, is used to fix the dimensions of the body. 
Alternatively, the same weight and space may be 
arranged to accommodate a smaller number of passen- 
gers with greater facilities for their comfort. Those 
with experience in civil aviation will know that there is 
great scope for variation of layout, although apparently 
with little hope of reconciliation between different 
airlines. Fortunately there is no need here to define or 
localise particular accommodations, the body may be 
treated as a whole with overall allowances for drag and 
weight whichever type of engine is being considered. 

With the overall dimensions and the surface area of 
the body so established, its consequent drag can be 
estimated without difficulty. It is likely that parallel 
estimates for suitable weight allowances show more 
variation. Such possible discrepancies however are not 
important and become an independent variable within 
a related set of aircraft performance calculations. Each 
aeroplane in the family starts equal, insofar as it may 
be affected by the number of passengers carried and 
the provisions made in their immediate environment. 
Quite clearly if an attempt is made to introduce an 
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independent aeroplane, for which different standards 
ast apply, into this standardised pattern it is probable that 
some adjustments will be necessary. 
The task now is to find the size and shape of a group 
= of aeroplanes, all of which have the same size of body 
Se: and which carry a constant payload for various 
a distances. Normal performance estimating methods 
will be followed. 


Cruising Economy 

Much has been written by various authorities on 
cruise procedures suitable for high performance turbine- 
engined aircraft, the most well known factor to obtain 
des. fuel economy being the need to fly at high altitude. So 

: the assumption that all suitable aircraft will cruise near, 

or above, the stratosphere needs no justification. This 
is a conclusion of some convenience because of the 
resulting simple relationships which govern the variation 
of engine power and fuel flow with altitude at constant 
true air speed and turbine r.p.m. Consequently simple 
relationships can also be established for the aircraft and 
the factors in these equations permit a fair understand- 
ing of the cruise economy problem. 

The following well known performance equations 
are reproduced for ease of reference: 


(% 
R (Range in still air) = p oe w) (1) 


where c= specific fuel consumption 


W =aircraft weight, start of cruise 


W.=aircraft weight, end of cruise 


V.=cruising speed. T.A.S. 


m'C,2 
(2) 
= (3) 
me 7A 
L/[Deruise= — (ie). 


where m= cruise speed/minimum drag speed = Lie 
A= aspect ratio 
k=induced drag factor 


Ci. =C;, at minimum drag speed. 


“MD 


From these equations the following can be inferred: 


(a) for any aeroplane for which the aspect ratio and 
Cpo are known, m and C, are inter-dependent, 


(b) the aircraft parameters aspect ratio, cruise C,, 
and Cpo are of prime importance. 


The aerodynamic gains theoretically possible due to 
increasing aspect ratio are not fully realised because of 
a limitation on the maximum usable value of lift 
coefficient. Equation (2) shows that for a given value 
of profile drag, if the same ratio of cruising speed to 
minimum drag speed is maintained, increased aspect 
ratio implies a higher value of cruising lift coefficient. 
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A finite limit is therefore imposed by the need to provide 
an adequate margin to cover manoeuvres and _ turbu- 
lence without fear of buffeting or loss of control. 

To illustrate the effects of the various parameters, 
equations (2), (3) and (4) have been used to prepare 
Fig. 7, which shows the variation of cruise lift / drag ratio 
with aspect ratio for various values of profile drag, 
Lines of constant m are superimposed for cruise lift 
coefficients of 0:30 and 0-40. 

The curves show that for a fixed value of Cyp, 
benefit is derived from increase of aspect ratio despite 
the fact that this results in cruising farther away from 
the minimum drag condition. In addition, the improve- 
ment in L/D resulting from decreased profile drag and 
increased cruise lift coefficient is well marked. 

For a fixed body size, Cpo is reduced by increasing 
the wing area. If the wing area is very large with a 
resulting low value of Cyo, high values of L/D can still 
be achieved when the aspect ratio is as low as 3 and the 
aircraft cruises at, or near, minimum drag speed. 
These are the conditions appropriate to delta wing 
configurations. 

The foregoing considerations deal solely with the 
aerodynamic standpoint and certain of the conclusions 
need qualification when structural effects are taken into 
account. For example, choice of aspect ratio is 
governed by balancing the gains arising from higher 
lift drag ratio against greater structural weight. 

The most important features which determine wing 
weight are aspect ratio, thickness/chord ratio, angle of 
sweep and wing loading. At first glance it appears that 
a higher aspect ratio can be adopted on a straight wing 
than on a swept wing, for in the latter case the 
structural span is increased by the sweep. However, 


CRUISE C,= 0-40 
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Ficure 7. Variation of cruise lift/drag ratio with ACyo and 
Cy, cruise. 
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the different permissible thickness/chord ratios within 
the limitation imposed by the drag rise, tend to reduce 
this effect. This quality however cannot be isolated 
fom other important factors, notably wing loading, the 
yse of high values always being advantageous partly by 
reason Of an enhanced capacity to meet aeroelastic 
requirements. 

Another significant effect from another cause, and 
which applies to all types of aircraft, is associated with 
the weight and distribution of the fuel carried. Struc- 
tural strength in the flight cases is largely determined by 
the tanks empty condition. As a corollary it is fre- 
quently found possible to increase the gross weight of 
an aeroplane, with relatively minor structural altera- 
tions, when such increase corresponds to a greater fuel 
load carried within the outer wing box. 

To take all these effects into account when choosing 
each aspect ratio is clearly an involved procedure. 
Fortunately, both experience and detailed analyses 
made elsewhere show that for our main purpose 
precision in this instance is unnecessary, because the 
optimum value for a prescribed wing plan form is not in 
fact sharply critical. It is only in the final stages of 
refinement that a second approximation for the best 
value of aspect ratio becomes desirable. 

So in the interests of simplification, for wings with 
approximately 35 deg. of sweep an aspect ratio of 6:5 
will be used for podded engines, and 5 for buried 
engines. The L/D ratios are then approximately equal. 
A value of 8 will be used for straight wings. It is 
probable that these values are not unreasonable and will 
not unfairly penalise one type of aeroplane against 
another. 

The discussion can now be extended to include the 
effect of varying the engine power on cruise economy. 


Effect of Engine Power on Cruise Economy 


When the separate relationships which control 
engine power and aircraft cruising conditions are com- 
bined together, and if the following major features of 
ah aeroplane are known, namely type of engine, body 
size and aspect ratio, a connection can be established 
between basic engine thrust, Cpo and cruise C,. This 
can lead to an examination into a family of aeroplanes 
the essential characteristics of which, for example, may 
be as follows : — 

Type of engine Turbo-jet 
Mean diameter 12:5 ft. 
Length 135-0 ft. 
Aspect ratio 5-0 
Design cruise speed 0:85 Mach number 
Cruise lift coefficient 0-30. 


With these data in mind it is apparent that when 
larger engines are fitted, in order to satisfy the conditions 
of constant speed and lift coefficient, the operating 
altitude and the wing area is increased. It follows that 
with constant body size, Cpo is reduced while cruising 
L/D ratio is increased. It is also true that the speed for 
minimum drag approaches closer to the cruising speed. 
By reason of the constant value of lift coefficient, wing 
loading is proportional to relative density. 


Body size 


To. 
360; 14.00 
000) | 
10, | | 
320 {TAKE - OFF DISTANCE 
APPROX. 8000’ | 
| | | | 
| | | 
240. — TAKE - OFF DISTANCE) 
| PPROX. 6000’ 
0 


/ 
/ 
WING LOADING 


(WING LOADING x POWER LOADING) 
| 


120 30 

20 
| CRUISING SPEED = 0-85 M. 

4 10 
| 

| 
36 38 4244465 


ALT. 000. 


Ficure 8. Variation of initial cruising altitude with (wing 
loading x power loading). 


Drag estimates may now be made by standard 
methods. The body size is fixed and appropriate wing 
sweep, thickness/chord ratio and tail surface areas can 
be selected. Then the product of wing loading and 
power loading may be plotted against altitude for a 
number of different sizes of engine; this is shown in 
Fig. 8. 

As this product is, to a first approximation, a 
measure of take-off distance, the curves show that, in 
general, the longer the take-off run, the lower will be 
the initial cruising altitude. 


Take-off Performance 


Two constant values of the product of power load- 
ing and wing loading marked on Fig. 8 correspond 
roughly to “balanced field lengths” of 6,000 ft. and 
8,000 ft., i.e. when the distance from start to clear a 50 ft. 
screen, after an engine failure at take-off, is equal to that 
required to decelerate and stop. 

Besides power loading and wing loading, the 
balanced field length is also affected by the take-off 
safety speed of an aeroplane and the temperature and 
altitude of the airport. Fortunately there is no need to 
indulge in complicated arithmetic to calculate these 
distances, for it can be shown from statistical evidence 
applying to modern transport aeroplanes, that a good 
enough approximation to the field length required is 
given by the following formula. 


Take-off distance= Kw.wp/oCy max 
where w,= wing loading 
wp = power loading 
o=effective relative density 
K-38. 
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It is of interest to note that Fig. 8 shows that when 
a given take-off distance is imposed the initial cruising 
aititude is determined within narrow limits. 

Enough information is now available to enable the 
relationship between weight and engine power to be 
determined. With cruising speed and lift coefficient 
fixed, and hence the wing loading for any chosen 
altitude, the values given in Fig. 8 lead to the group of 
curves labelled “aerodynamic derivation” given in 
Fig. 9. The broken lines show the variation of aircraft 
weight with engine power at selected constant altitudes 
while the solid lines indicate values of take-off weight 
for two values of take-off distance, namely approxi- 
mately 6,000 ft. and 8,000 ft. 

It should be emphasised that the whole of this group 
of curves has been developed solely on an aerodynamic 
basis for the power provided, with no consideration as 
to how the resulting total aircraft weights may be 
constituted. 

Aircraft weight can now be estimated using an 
approach from a different direction. 


Aircraft Weights 

Rather than use some particular set of formulae for 
estimating the weight of various components of the 
structure for a large number of aeroplanes, a generalised 
approach has been adopted. Weight formulae which 
include the effect of all possible design variables are too 
cumbersome to handle, other than for checking final 
specific layouts. Also, for our present purpose we are 
not concerned with detail weight breakdown but only 
in establishing reliable trends within a related set of 
completely furnished and equipped aircraft. In support 
of a generalised approach it can be demonsirated from 
available weight data, that while there is considerable 
variation in the component weights of different aircraft. 
surprisingly consistent values for the complete article 
can be deduced with the aid of quite simple correction 
factors. 

In the end results, although it is desirable that the 
final aeroplanes emerging from this analysis shall each 
be reasonably close to those found by a full individual 
engineering study, complete reality is not essential: The 
prime objective is to show relative sizes of aircraft when 
fitted with different types of engine, in each case the 
size of body and the load carried being the same. 

For weight estimation, all the aeroplanes considered 
may be split into four main elementary groups :— 


(1) W., a constant weight which is determined by the 
condition necessary to carry the specified load. 


Items in this group include the complete furnishings, 
soundproofing, air conditioning: flying, navigational, 
radio and emergency equipment; the crew and the 
payload. 

The size of the body, already used in the drag esti- 
mates, is such as to provide rather better than present 
day standards of comfort, with crew rest places and 
obviously, crew stations. Clearly much of the body 
structure will be independent of aeroplane gross weight, 
although the exact proportion is uncertain. Several 
values were tried and a reasonable compromise was 
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FiGure 9. Turbo-jet aircraft Vc=0°85M, payload 25,000 Ib, 


found to be given by 8,000 Ib. +0-025 W,, where W, is 
the aeroplane gross weight. Then, as examples, for two 
widely separated gross weights, 120,000 Ib. and 
240,000 Ib., the percentage body weight is 9-1 and 
5-8 per cent. respectively. 

The whole group denoted by W., amounts to 
45,500 Ib. including 8,000 Ib. of body structure weight. 

(2) W,, the remainder of the structure which varies 
with W,. This group includes the wings complete, the 
tail unit and undercarriage, the fuel, the hydraulic, 
electric and other supply systems. 

The important factors which control wing weight 
were discussed in the section dealing with the choice 
of aspect ratio so they need not be repeated. Ina 
separate investigation dealing with these factors it was 
found that straight wings (with higher effective aspect 
ratio and with the higher wing loading justified by a 
higher maximum lift coefficient) have lower percentage 
structure weights than swept wings. The addition of 
nacelle structures however is relatively a more expensive 
penalty than the consequences of buried engines, so the 
overall differences are substantially reduced. Hence, as 
already suggested, because wings are largely designed 
by the tanks empty condition, the quantity of fuel 
carried can be a factor of over-riding significance. When 
the gross weight is increased by the addition of fuel 
carried in the outer wing box, at small structural cost, 
the percentage wing weight falls practically in inverse 
proportion. 

As regards the tail unit, areas of both the horizontal 
and vertical surfaces are affected by the type and loca- 
tion of the power units. For example, the destabilising 
influence of propellers requires additional tail area to 
compensate, while offset moments from lateral separa- 
tion of the engines along the span demand appropriate 
fin and rudder power to maintain control in the event of 
engine failure during take-off. For this reason the 
tendency is for the tail unit of a propeller-driven aero- 
plane to have greater weight and higher drag than that 
of a comparable jet aeroplane having engines installed 
in the wing root. As a counter to this effect, smaller 
wing area due to higher wing loading and small chord 
due to higher aspect ratio lead to smaller tail area. 
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Other items including the landing gear, hydraulic 
and control systems can be taken as directly propor- 
tional to aeroplane gross weight. The allowance for 
electrical services is about twice as much as any designer 
would think reasonable. This is a sad reflection on 
recent, but by no means unique, experience. 

The conception of structure weight depending largely 
on the quantity of fuel carried led to a statistical investi- 
gation with interesting results. The items listed in this 
“variable structure group” W,, were examined for a 
number of highly developed existing aeroplanes. When 
the totals were added and expressed as a ratio with gross 
weight and plotted against the ratio of fuel weight and 
sross weight, there was remarkably little scatter about 
4 mean line. These results are shown in Fig. 10. 

The general explanation may be, and is certainly so 
in the case of one particular point included, that the 
aeroplanes represented have been stretched by the addi- 
tion of fuel to a limit beyond which extensive alterations 
become necessary. It may be inferred that these 
structures are highly efficient and that the curve indi- 
cates the envelope of possible structural achievement. 

With this conclusion, and by adding 0:025 W,, to 
allow for body weight variation as previously arranged, 
a final curve for estimating structure weight is obtained. 
It may be seen that the slope of the curve will lead to 
progressively lower structure weights for aeroplanes 
which carry greater proportions of fuel and so will 
favour those with turbo-jet engines. 

By implication the weights so obtained are “ bottom 
limit” values and so will be applied only to aeroplanes 
loaded to the assumed “top limit” take-off distance, 
namely 8,000 ft. Aeroplanes with better take-off per- 
formance could reach these minimum standards when 
developed to higher gross weights. 

(3) W,, total installed engine weight, was discussed 
in the engine section. This weight can be taken as pro- 
portional to the engine design mass flow necessary to 
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produce the required thrust. The constant appropriate 
to the type of engine employed must be taken. 

(4) W,, fuel weight, which is the difference between 
the gross weight and the sum of the weights in groups 
(1), (2) and (3). 

Then the gross weight W,=W.+W,+W,4+Ws. 
Some explanation of the additional curves shown in 
Fig. 10 is necessary. They are a device whereby the 
method for identifying specific aeroplanes is much sim- 
plified. Curve (2) is obtained by adding the ordinates 
and abscissae of curve (1) so giving (W,+ W,) and hence 
also the difference between W,, and (W.+W,). Curve 
(3) gives the ratio of take-off weight to landing weight 
for any proportion of fuel. This latter is the weight 
term in the range formula. 


Method of Application 


A gross weight W, and an engine thrust 7, corres- 
ponding to a point on the 8,000 ft. take-off line on Fig. 
9 is selected. The value of 7, enables the engine in- 
stalled weight, W,, to be found by using the factor found 
from the engine data. After adding the constant weight 
W. and subtracting the sum from the selected gross 
weight W,, a point on curve (2) of Fig. 10 is established. 
Corresponding values of W; and Ws follow and the 
range is calculated from the ratio of take-off weight to 
landing weight. 

This process is repeated for other points and other 
ranges found. After plotting gross weight against range, 
the values of gross weight corresponding to 3,000, 4,000, 
5,000 and 6,000 miles can be marked on Fig. 9. 

These values are shown in Table IV, together with 
certain other information which appears automatically 
during the calculation process just described. 

Bearing in mind the rather large body and the load 
carried, it can be seen from the low proportion of “ basic 
Operational weight” that a very high standard of 
engineering has been set. This is in keeping with a 
deliberate measure of optimism intentionally introduced 
sO as to minimise the rise of aeroplane weight with 
increase of range. As an illustration of this effect, with 
the 5,000 mile aeroplane an increase of basic opera- 
tional weight from 42:1 to 43-1 per cent. would raise the 
gross weight by 9,000 Ib. Such effects are appreciably 
more marked as the proportion of fuel to gross weight 
becomes greater. 

Two approaches may be made to derive a group of 
aeroplanes having a better take-off performance. One 
method is to conceive a basic aeroplane designed for an 
8.000 ft. take-off distance and from which an appro- 
priate amount of fuel is off-loaded. Such conditions 
might apply when a trans-oceanic aeroplane is used on 
trans-continental operations. These aeroplanes will 
have a lower initial wing loading and a higher power 
loading and so will start their cruise at a greater altitude 
(see Fig. 8). The landing weight will remain the same 
in both circumstances. 

This approach is only convenient for the shorter 
ranges. The second method is to follow the same pro- 
cedure as for 8,000 ft. at points on the 6,000 ft. take-off 
line on Fig. 9. One modification to the data is required. 
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TABLE IV* TABLE V* 
CONSTANT TAKE-OFF DISTANCE 8,000 FT. CONSTANT TAKE-OFF DISTANCE 6,000 FT. 
Per cent Per cent a 
Range We To B.O.W. Wy S Range We B.O.W. Wie S 
3,000 131,000 7,900 48:1 41,000 1,820 3,000 137,500 9,500 49-3 42,500 2,250 
= 4,000 157,500 9,300 44-6 60,300 2,220 4,000 165,000 11,100 46°5 61,000 2,700 
rim 5,000 193,000 11,400 41-6 86,000 2,770 5,000 205,000 13,600 43-6 89,000 3,500 
6,000 243,500 13,700 39-3: 121,000 3,550 6.000 260,000 17,000 41:3 126,000 4,650 


The lower wing loading, i.e. just under 60 Ib./ft. 
instead of just over 70 Ib./ft.*, will increase wing and 
tail surface areas and so will increase structure weight. 
This allowance is included in the values given in 
Table V. 

It can be seen that reducing the take-off distance 
from 8,000 ft. to 6,000 ft. is obtained principally at the 
expense of greater engine power and greater wing area. 
The gross weight is not raised as much as might be 
expected, and the fuel is increased only by a small 
amount. It is obvious that it is desirable that some 
solution other than a direct “scaling up” be found if 
vt short take-off distances are required. Methods which 
; might offer substantial gains, other than by some form 
of engine boost, are by no means obvious. 


Retrospect 

Before passing on to further aircraft analysis with 
different types of engine, it may be as well to recapitu- 
late the conclusions to be drawn from the foregoing 
discussion. 

From the initial general aerodynamic considerations, 
it was suggested that the trend for maximum economy 
would favour larger aeroplanes with powerful engines 
p flying at high altitude at the maximum available cruise 
ae lift coefficient, having wings of the highest possible 

aspect ratio. 

Taking the argument a stage further and making 
reference, although not in detail, to previous work, it 
was concluded that in fact when the effect of wing struc- 
ture weight is considered, the trend shown by the aero- 
dynamic analysis was misleading on the question of 
aspect ratio. 

By advancing the argument still further and citing 
examples in the design of jet aeroplanes, it was found 
that although in fact the trend towards the large aero- 
plane was correct in relation to the cruise lift/drag ratio, 
while also leading to lower wing and power loadings 
and hence improved take-off performance, the conse- 
quent structure weight penalties in the larger aeroplane 
incur an overall loss in fuel economy. 

The most economic aeroplane is therefore one with 
high wing and power loading, which will not fly very 
high and has the worst acceptable take-off performance. 
This is another way of saying that the smallest and 
lightest aeroplane for a given duty is the most efficient. 


Effect of Type of Engine 


The point has been made that a high ratio of take-off 
thrust to cruising thrust is an advantage and an attribute 


j *Note: Tables IV and V are plotted in Fig. 11. 


to be added to the engine characteristics affecting air 
craft economy. 

To aid discussion reference will be made again to the 
relationship between engine size and thrust output. The 
variation of thrust is given by 


T 


Where T and oygop are the thrust and relative density 
at the tropopause and T, is a fictitious sea level thrust, 

From the generalised engine data T, is proportional 
to engine design mass flow. So also is the static sea 
level thrust T,. Therefore it is possible to write 


where is a constant depending on the type of engine 
and cruise Mach number. 

The basic engine data shows the turbo-jet engine to 
have the lowest value of ¢, somewhat less than unity, 
and the turbo-prop engine to have the highest value, 
considerably in excess of unity, ducted fans lying inter- 
mediate according to their by-pass ratio. But the effect 
of this and other engine characteristics on aircraft per- 
formance emerges when analyses similar to that already 
made are followed. 


Aircraft Analysis 


Attention will first be given to aircraft fitted either 
with turbo-jet engines or with ducted fan engines, in the 
latter case with alternative by-pass ratios. The figures 
applying to the root-installed turbo-jets are the same 4s 
those derived earlier. For the two aeroplanes with 
engine pod installations advantage has been taken by 
employing a higher aspect ratio. 

Two sets of results are presented in Table VI. In 
the one set, applying to ducted fans, exactly the same 
assumptions have been made as before, the take-off 
distance being 8,000 ft. This leads to the smallest 
possible size of engine; the augmented take-off thrust 
results in a.fairly high wing loading and an initial cruis- 
ing altitude below 36,000 ft. In consequence the 
lift/drag ratio suffers somewhat and the proportion of 
fuel saved is not fully commensurate with improvement 
in specific fuel consumption. Accordingly an alternative 
solution has been included in which the conditions are 
modified. In this case the aim has been to enable the 
same initial cruising altitude to be reached as for the 
turbo-jet aeroplanes, by using a lower wing loading and 
fitting more powerful engines. It follows that the take- 
off distance is reduced. 

A number of interesting conclusions can be drawi 
from Table VI. 
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|. From the performance point of view, for turbo-jet 
sircraft cruising at 0-85 M, there seems little ground for 
sontroversy as to whether engines should be buried in 
he wing root or slung in pods. For the present purpose 
there seems no need to differentiate between the two 
arrangements (although personal recollections suggest 
merit in uninterrupted space around the engines). 

However, for ducted fans the greater pod dimensions 
necessary to house the engine impose a relatively 
yeater drag penalty, which is reflected by adverse trends 
in gross weight, engine power and fuel required. 

So in deference to many susceptibilities, no further 
reference need be made to pods, and buried engines may 
tacitly be assumed. 

2. The possible reduction in aircraft gross weight by 
ysing ducted fan engines is disappointing, especially at 
the longer ranges. At the minimum gross weights, 
which are related to the worst take-off performance and 
the smallest acceptable size of engine, the proportion of 
fuel required is adversely affected by a lower operating 
L/D ratio. 

It seems that a more atiractive aeroplane may be 
had by using a larger engine, so permitting a lower wing 
loading. A significant improvement in take-off per- 
formance follows with quite a small increase in 
aeroplane gross weight and a small reduction in the 
amount of fuel required. 

3. Somewhat surprisingly it appears that the use of 
the higher by-pass ratio does not lead to lower aeroplane 
gross weight. In effect, at any given cruising range the 
combined weight of engine plus fuel remains substan- 
tially constant. From this it may be inferred that the 
aeroplane empty weight less power plant weight also 
remains unchanged. 


4. Aeroplanes with ducted fan engines can, with 
advantage, be given a better take-off performance than 
aeroplanes with turbo-jets. It is however not convenient 
to illustrate on a single graph the full comparative 
relationship of this group of aeroplanes, from medium 
to long range, as much over-lapping of lines occurs. 

Specific aeroplanes from the group will not be identi- 
fed for economic analysis until the appropriate still-air 
tanges which fit certain operational route conditions 
have been established. 


The same methods can again be applied to derive a 
family of aircraft fitted with turbo-prop engines. For 
these aircraft a straight wing is selected; at the lower 
cruising speed and with substantially smaller quantities 
of fuel, sufficient volume can be provided within the 
wing, even at a thickness/chord ratio which satisfies the 
aerodynamic drag rise condition at zero sweepback. An 
aspect ratio of 8-0 was chosen after a structural analysis 
had shown this value to be consistent with the structure 
weight data shown on Fig. 10. An example of the 
derivation of engine and propeller weight has already 
been given and the same basic performance formulae 
apply as before. The family emerges without undue 
labour and is portrayed in Fig. 12. Comparisons will 
first be confined to members within the group. 


The same characteristic curve profiles (to which by 
now we should have become accustomed) can be 
observed. For the turbo-prop aircraft an additional 
factor must be taken into account. When the design 
is adjusted to the maximum field length, the high 
propeller thrust results in a rather high wing loading. 
As the proportion of fuel required for a given range is 
lower than that for the other engines, it follows that the 
wing loading in landing is substantially higher than the 
values applying to the other aircraft. Although a better 
lift coefficient can be achieved with efficient flaps on a 
straight wing, the approach and touch-down speeds are 
greater than those in the other cases. While advantage 
may be taken from reverse thrust when on the ground, 
from a safety aspect, a relative disparity in airborne 
performance is undesirable. Accordingly the small 
sacrifice in operating economy, consequent upon design- 
ing for a 6,000 ft. field length instead of 8,000 ft. as 
hitherto, must be accepted. 


The pattern of each type of aircraft has now been 
illustrated. The next phase is entered by superimposing 
the more important characteristic features on to a single 
picture (Fig. 13). 

A further step is necessary before comparison can 
be made for the ranges shown are not realistic; no 
account has been taken of fuel consumed during flight 
stages other than in cruise at altitude. In particular it 
is well known that some forms of engine lack flexibility 
and are more extravagant than others when operating at 


TABLE VI 
EFFECT OF TYPE OF ENGINE ON W,,, W,, Wy AND S 
Range 4,000 miles 5,000 miles 
W. W, 5 Wa 5 

Turbo- Root ‘157,500 11.700 60,300 2.220 193,000 14,000 86,000 2,770 
Pod 157,500 11.750 60,300 2,130 | 190,500 13,800 84,000 2,740 
Root | 151500 12,300 55,100 1,940 | 180,000 14,300 75,500 2,350 
“a | (152,500) (13,700) (54,000) (2,050) | (182,500) (16,000) (75,000) - (2,600) 
| poop | 153500 14,100 54,500 1,770 | 180,500 16,400 73,200 2,120 
A=0-75 | (157,000) (17,000) (51,800) (2,030) | (189,000) (19,500) (74,500) (2,600) 
Pod 159,000 14,400 57,500 1,820 | 190,000 17.400 79,000 2,230 
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Figure 11. Turbo-jet aircraft, A=5-0 (swept 35°), V,=561 
m.p.h. (M=0°85). Effect of take-off distance on aircraft and 
engine size. 


“off design” conditions. Even when aeroplanes fly 
above the weather they still must fly through it, at which 
time the discipline of traffic control must be obeyed. At 
times congestion at airports is inevitable and marking 
time can be exhausting. 

There is no rigid code for assessing fuel reserves, 
each airline adopts a different system. Some insist on 
the maximum probability of landing at the terminal. 
A decision to divert to an alternative can be highly 
inconvenient and expensive so the aircraft must descend 
to low altitude so as to allow a proper judgment to be 
made. Also, the view is held that changing the type of 
engine does not justify a reduction in the time allowed 
for stand-off, a time backed by experience. 


The North Atlantic 


Argument may be advanced more conveniently by 
reference to a particular route, and that with the greatest 
international interest is the North Atlantic. The first 
question to ask is which airport shall be taken as the 
eastern terminal? If the aeroplane is to be designed to 
start from London, then those airlines which start from 
Copenhagen, Amsterdam, Brussels or Paris may 
possibly find a more attractive proposition in a compet- 
ing stable; and if continental operators demand the 
usual two hours stand off at New York, then a product 
groomed for light going will flounder on tougher 
courses. This is an aspect which must be faced, for in 
both local and national interests it is necessary that the 
potential market shall be as large as possible. 


AUGUST 


TABLE VII 


AEROPLANE GROSS WEIGHT (PAYLOAD 25,000 LB.) 
NORTH ATLANTIC ROUTE 


Stand-  Turbo- Ducted Fan Turbo- 
Route Off Jet A=0°75 A=2:°0 Prop 
London Thr. 215,000 194,000 192,500 — 162,509 


New York 2hr. 239,000 209,000 204,500 — 170,00) 
Amsterdam Thr. 224,500 203,000 201,000 166,00¢ 
New York 2hr. 248,500 218,800 212,500 — 173,500 


So the most severe requirement which might be 
considered is as follows:—Distance between terminal 
3,700 miles, head wind 77 m.p.h., two hour stand-off at 
New York, descent to sea level, diversion to Washing. 
ton. This seems calculated to eliminate turbo-je 
aircraft. Some alleviation is found by allowing the 
stand-off to be made at 20,000 ft. and diverting from that 
altitude. The least requirement which might be enter- 
tained is—distance between terminals 3,450 miles (iz. 
London-New York), head wind 77 m.p.h., one hour 
stand-off at 20,000 ft. and diversion to Washington. If 
a two hour stand-off proved essential, then with 
adequate warning the payload could be reduced and 
more fuel carried. Prospects of foreign sales recede into 
the background. 

An approximate indication of the outcome of various 
alternatives is shown in Table VII. 

The different rates of growth in the aeroplane’s gross 
weight with increased duration are obvious. At around 
5,500 miles still-air range these are for the turbo-jet, 
ducted fan by-pass ratios 0:75 and 2-0 and for the 
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FiGureE 12. Turbo-prop aircraft. A=8-0 (unswept), V 500 
m.p.h. (M=0°76). Effect of take-off distance on aircraft and 
engine size. 
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yrbo-prop aircraft, 4,700 lb., 3,800 3,600 Ib. and 
|100 lb. per 100 miles range respectively. 

Although in practice it is probable that the more 
severe requirement for fuel reserves would be demanded, 
he lower standard will be assumed, although this is 
inadequate for regular Atlantic operation. Adopting 
this line weights the scales in favour of turbo-jet aircraft, 
the evidence from the ensuing balance presenting a con- 
cession where one is most needed. 


Operating Costs 

The dominant features of the four aeroplanes which 
have been evolved for an assessment of operating costs 
are shown in Table VIIIA. 

The standard method developed by the S.B.A.C. will 
beemployed. Quoting from the introductory paragraph 
of the official publication, “ The objects of the method 
for the estimation of direct operating costs of an aero- 
plane are an aid to assess the economic suitability for 
operations and to compare the operating economics of 
competitive aircraft in a standard set of conditions.” 

A literal application of the method produces a result 
which at first sight appears to give an over-estimate of 
payload. This is due to the volumetric capacity of the 
holds allowing freight to be carried in addition to 
passengers’ baggage. In a sense this gives a somewhat 
fictitious seat-mile cost, for each unit of payload is 
assumed to carry the same value whether it be mail, 
freight or passenger. For ranges at which this full 
volumetric payload can be carried, the operating cost 
per ton-mile will be lower than on a non-stop Atlantic 
operation where the payload is limited performance-wise 
to 25,000 Ib. 

Some variation on the standard §.B.A.C. method 
regarding annual utilisation would be logical. With a 
speed of 500 m.p.h., a daily return trip is entirely 
feasible. Slightly higher speeds would not permit 
additional journeys without excessive time-table com- 
plications and only certain hours of the day can be 
considered as acceptable times of departure. So instead 
of taking an annual utilisation of 3,000 hours, a certain 
number of daily round trips should be assumed. If one 
is out to show a potential substantial reduction in 
Atlantic fares, then around 300 days might be used. An 
average fleet utilisation of 4,000 hours per aircraft has 
been exceeded by several operators where suitable route 
conditions exist. But in the present case our interest is 
in comparing possible alternative aeroplanes. Circum- 
stances are equal if a modest operation on four days a 
week is assumed. This leads to an annual utilisation of 
approximately 3,000 hours. 


TABLE VIIA 


Engine Turbo-Jet Ducted Fan Turbo-Prop 
A=0°75  A=2:0 
Gross weight 215,000 194,000 192,500 162,500 


Cruising speed m.p.h. 560 560 560 500 


Power unit weight 15,600 15,400 17,400 19,800 
Airframe weight 74.450 66,500 67,300 61,300 
98,500 84,700 81,300 54,600 


Fuel weight 
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FiGure 13. Comparison of aircraft fitted with different forms 
of engine. 


As regards engine and airframe prices, after the first 
shock one recovers on finding that the variation between 
different manufacturers is not so great after all. Levels 
which should be used in ten years time can be little more 
than a guess. As a purely tentative shot, and with a 
disclaimer to guard against quotation, the power plant 
and equipped airframe have been taken as £9 and £10 
per | lb. weight respectively. 

With these assumptions the figures resulting from 
the use of the standard §$.B.A.C. method for estimating 
direct operating cost are shown on Table VIIIB. 


Conclusions 

1. When carrying 25,000 Ib. payload and sub-normal 
fuel reserves for the London-New York operation, 
aeroplanes with different types of engine would have 
the proportions shown in Table VIIIA. The direct 
Operating costs are shown in Table VIIIB. 

2. If the aeroplanes must provide for normal fuel 
reserves these differences will increase. Alternatively if 
in the same aeroplanes extra fuel is carried to permit a 
two hours stand-off in winter conditions, then the pay- 
loads must be reduced to 17,700 Ib., 19,000 Ib., 20,000 
Ib. and 21,250 Ib. in the same order as arranged in 
Table VIIIA. 


TABLE VIIIB 


Turbo-Jet Ducted Fan Turbo-Prop 
A=0-75 A=2-0 
Direct operating 
cost (ton/mile) 10°85 9-70 9-57 8°85 
(Seat / mile) 1:04 0:93 0:92 0°85 
Ratios 1:23 1:10 1:08 1-00 
Fuel cost/year £374,000 £326,000 £307,000 £206,000 
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Ficure 14. Operating speed. 


3. If the designs must have the capacity to meet 
foreign operators’ requirements, the differences are 
again increased. 


4. The block air speed for the turbo-jet and ducted 
fan aeroplanes is 510 m.p.h., giving an average time for 
the return trip of 13-5 hours. 

The comparable figures for the turbo-prop aeroplane 
are 468 m.p.h. and 14-7 hours respectively. 


5. Naturally many other questions arise, more 
particularly passenger comfort, noise at airports, and ice 
covered runways but these can be left for debate in less 
sober places. 

Some consideration will now be given to routes in 
other parts of the world, for it is important to establish 
whether the same aircraft are economic when operated 
on shorter stages from airports situated in the tropics 
and with less concrete available. If an entirely different 
aeroplane is necessary then it is possible that this aero- 
plane should be used on the Atlantic with a scheduled 
intermediate stop. 

A series of comprehensive route analyses covering 
the major airline networks would entail extensive com- 
putation; fortunately a_ sufficiently representative 
operation may be illustrated by a single but typical 
example. For this purpose the controlling conditions 
may be taken as follows: — 


Field length 7,000 ft. at sea level 
S.L. temperature LS.A.C. + 30°C. 
Altitude temp. for cruise LS.A.C. + 15°C. 


It might be argued that the assumed atmospheric 
condition is somewhat severe, on the other hand the 


fairly long field provides some alleviation. Such com. 
pensating circumstances are common, for in practice 
most airports in unfavourable localities are designed to 
avoid a bottleneck on traffic. This is especially evident 
with those situated at elevations substantially above se 
level, where extra long runways are provided. Thus 
aircraft weights determined by a single take-off condi. 
tion may be used to give a general indication of 
Operating economics. 


Temperature Effects on Engine Performance 


When considering the application to tropical 
operations of the aircraft designed for the Atlantic, the 
most important influence is the effect of ambient 
temperature change on engine performance. Appro. 
priate adjustments to standard values are shown in 
Table IX. 

All engines suffer a serious power loss. This is due 
partly to the lesser weight of air inhaled and partly to 
the reduced temperature rise within the engine, the 
turbine top temperature having the same limit at all 
times. At 30 deg. above standard, the drop from 
normal power exceeds 25 per cent., which obviousl 
must seriously reduce take-off performance. However 
a proportion of this loss may be restored by introducing 
water injection into the engine intake, for by evapora. 
tion of the water the temperature in the compressor is 
lowered. Both conditions will be examined. 

In the Atlantic analysis it was found that of the two 
ducted fans, the engine with the higher by-pass ratio 
was somewhat more economic. The lower by-pass 
ratio engine will therefore be omitted from this extended 
assessment. Its comparative worth may be inferred 
from the previous results. 
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Ficure 15. Economic data: direct operating costs. 
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TABLE IX 
\ARIATION OF ENGINE PERFORMANCE FOR + ONE PER CENT CHANGE 
OF AMBIENT TEMPERATURE (ABSOLUTE) 
Per cent Change 
Static Thrust) Cruise Thrust Cruise S.F.C. 

Turko-Jet 

Ducted Fan —2°5 +0°23 

Turbo-Prop —2:2 —2°8 +0°64 
Cruise Technique 


Lower cruise thrust due to the higher temperature 
at altitude imposes a change in the cruise procedure. 


Two possible methods are as follows:— 


|. Maintaining the cruise at the design Mach 
mumber (which by implication means a higher true 
seed and a lower lift coefficient). This results in a 
futher departure from the minimum drag speed and a 
loss of range. 


2. Reducing the cruise speed so as to fly at the 
design lift coefficient, so retaining the original lift /drag 
ratio. 


The latter method will be followed as this leads to 
alower fuel demand. 


The results of the calculation to find the new 
payload-range relationships, block speed and operating 
costs are shown in Figs. 14 and 15. A specimen case 
applying to a 2,500 mile stage distance is shown in 
Table X. 


Examination of these results shows a striking gain 
obtained by water injection, especially for jet type 
engines. Without some such device to improve take-off 
power the jet aircraft as defined are ill-matched to the 
topical operation. This fact is indicated by the large 
wap between the capacity payload and the payload as 
limited by performance. With the provision of water 
injection the matching is not unreasonable. 


The turbo-prop aeroplane is not so critical, although 
iis performance is, of course, enhanced by the use of 
water injection. The greater versatility of this aeroplane 
8 obtained partly because it was designed in the first 


place for a 6,000 ft. airfield in standard temperature. 
This was arranged with little penalty on the Atlantic. 
Consequently the aeroplane is less affected in operation 
in high ambient temperatures with 7,000 ft. runways 
available. Also, at the slightly lower cruising speeds in 
the tropics the trends in propulsive efficiency are in its 
favour. 


Conclusions 


The main conclusions of this analysis are illustrated 
in Tables VIII and X. An examination of these will 
show that the pure jet is the engine least well suited to 
the requirements of civil aviation. By comparison with 
other types its adoption leads to the largest, heaviest 
and least economic aircraft. If the highest speeds are 
essential then ducted fan engines are better. Apparently 
the value of by-pass ratio is not critical, an optimum 
probably lies somewhere between 0-75 and 2:0 but is 
obviously a function of design stage distance. 


When the excitement of a new form of propulsion 
has abated, the realisation of the greater potential 
capacity of the turbo-prop engine for civil aviation will 
be universally accepted. In the future, aeroplanes fitted 
with this type of engine will form the substantial pro- 
portion of the fleets of all airlines. For any given duty 
they will be smaller, lighter, more economic and 
versatile than any other kind. Even on long journeys, 
the time differential with possible competing types will 
be so small that the chance of solvency offers better 
attractions. 
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TABLE X 
TROPICAL PERFORMANCE. STAGE DISTANCE 2,500 STATUTE MILES 
Engine Turbo-jet Ducted fan X=2-0 Turbo-prop 

Water injection With Without With Without With Without 
Take-off weight 184,000 167,000 164,000 150,200 159,000 146,800 
Payload 28,000 14,100 28,300 17,800 33,690 29,500 
Cruise speed, m.p.h. 531 531 531 531 489 489 
Stage speed 468 468 468 468 443 443 
Pence /ton-mile 10-2 20:1 9:2 13-9 7-1 8-1 
Pence /seat-mile 0-98 1-93 0-88 1-34 0-68 0-78 
Ratio 1-43 2-50 1-29 1-70 1-00 1-00 
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VOTE OF THANKS 


Mr. W. Tye, O.B.E. (Fellow): I am very pleased to pro- 
pose a vote of thanks to my friend Dr. Russell. In the ordinary 
way of business it is usually my lot to have to argue with 
him, but I am very glad that this evening the rules prevent me 
doing other than congratulating him, and this I do very 
sincerely. We have grown accustomed to expecting excellent 
lectures from Dr. Russell, and this evening he has lived up 
to his own high standard. 


At the beginning of his lecture Dr, Russell said that he 
proposed to restrain himself from indulging in prophecy; but I 
think you will agree that success in design and skill in prophecy 
are not unrelated. In his lecture it is rather difficult to see 
where design forecasts finish and prophecy begins, but I look 
forward to the occasion when Dr. Russell will forget his 
inhibitions and really let himself go. 


This evening’s lecture has struck a new note in the series 
of Wilbur Wright Lectures by departing from the broad survey 
and by focusing attention on a particular and very important 
present-day design problem. The lecture seems to me to be 
especially appropriate at this present time because, throughout 
the transition period, during which we are finding how best 
to use the turbine, thorough-going comparative analyses of the 
kind that Dr. Russell has given should be made by those best 
qualified to do so. One has the feeling that because the civil 
aeroplane has been a close relative—and rather a poor one— 
of its military counterpart, its design has not always been 
steered in the direction which is most suitable for civil opera- 
tion. Therefore I say, more power to those who, at this 
particularly important stage, examine the fundamentals as 
carefully as Dr. Russell has done. 


I am very impressed by the firmness of Dr, Russell's 
convictions and I applaud his courage in presenting them so 
forthrightly. This is not to say that I imagine all his conclu- 
sions will be unanimously and immediately agreed by all his 
brother designers. It is perhaps a pity that our procedure on 
these occasions prevents general discussion, for J am sure 
that a debate would be what is politely called “ vigorous. 
But in the absence of discussion now I hope that on a future 
occasion the Society may be able to provide an opportunity 
for people with contrary views to express them. 


I am sure that the preparation of this lecture must have 
occupied a tremendous number of midnight hours, and we are 
grateful to Dr. Russell for it. Perhaps you will all show your 
appreciation in the usual way. 


Foilowing the Lecture a Dinner was given by the 
President and Council of the Society at 4 Hamilton Place, W.1, 
at which the following were present :— 


Dr. A. M. Ballantyne, T.D., A.F.R.Ae.S., Secretary, Royal 
Aeronautical Society; Air Commodore F. R. Banks, C.B., 
O.B.E., F.R.Ae.S., Technical Manager and Chief Engineer 
Associated Ethyl Co. Ltd.. Member of Council, R.Ae.S.; 
Sir James Barnes, K.C.B., K.B.E., M.A., Permanent Under- 
Secretary of State for Air; Professor A. D. Baxter, M.Eng.., 
M.I.Mech.E., F.R.Ae.S., Professor of Aircraft Propulsion, 
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The Shock Tube 


A VERSATILE TOOL OF AERODYNAMIC RESEARCH 


B. D. HENSHALL, B.Sc., G.R.Ae.S. 


(Department of Aeronautical Engineering, University of Bristol: Holder of the Busk Studentship in Aeronautics) 


|, Introduction 
N RECENT years interest has been revived in an 
apparatus which was first developed more than 
fifty years ago. This apparatus, which is known today 
asa shock tube, is a very useful research tool, the versa- 
tility of which is not generally appreciated in this 
country. In this paper the author attempts to give a 
clear physical description of the flow in a shock tube and 
a review of the problems which may be investigated by 
means of this apparatus. 

Basically, a shock tube consists of a simple fabri- 
cated duct which may be closed or open at one end, and 
closed at the other end. A diaphragm divides this duct 
into two compartments which initially contain gases at 
different pressures. In a conventional shock tube the 
cross-section is constant, the ends are closed, and air is 
used on both sides of the diaphragm (Fig. 1). 

The shock tube may be used in two distinct ways; as 
a short duration wind tunnel, or for the study of 
transient phenomena. For the latter task, the conven- 
tional wind tunnel is, in general, not of use, and it seems 
probable that this field may be investigated exclusively 
by the shock tube. 

It is this fundamental versatility which makes the 
shock tube a useful tool of aerodynamic research. 


Notation 
p Absolute pressure 
Flow velocity 
U_ Shock velocity 
v Gas velocity relative to shock surface 
x Distance measured along tube axis 


Superscript 
A refers to gas initially at higher pressure in shock 
tube 


Subscripts 
o Initial state of gas (at rest) or stagnation state 
, State of gas upstream of normal stationary 
shock 


» State of gas downstream of normal stationary 
shock 


“Based on a paper which won the First Prize in the 1953 
Junior Members Papers Competition of the Bristol Branch 
of the Society. 


Correlation of Symbols 


Normal Shock Shock Tube 
Notation Notation 
Mach number of flow 
behind shock (v1 M 
Strength of Shock P2/P; Po 
Shock Velocity v,/a, U/do 
1 Oo 


Subscripts 


2. Shock Tube Flow 


Consider the conventional shock tube with closed 
ends (Figs. | and 2). (Note that this allows for pres- 
Surisation or evacuation of the compartments as 
required, depending on the desired initial pressure ratio 
Po/Po across the diaphragm). 

When the diaphragm is ruptured, an unsteady gas 
motion ensues. An expansion wave (known as a centred 
rarefaction wave), with its origin O at the diaphragm 
section, is propagated into the gas initially at the higher 
pressure; a normal shock wave moves into the gas at 
rest in the lower pressure compartment with uniform 
supersonic velocity U. The gas particles in the lower 
pressure compartment are compressed and acquire a 
uniform velocity u(<U) in the same direction as the 
moving shock. This uniform velocity u may be subsonic, 
sonic or supersonic, depending on the initial pressure 
ratio Po/ Po. 

At this point, a brief indication of the basic differ- 
ences between steady and unsteady flow problems may 
be valuable, since the statement “an unsteady gas flow 
can contain a region of uniform velocity ” does not at 
first seem plausible. 

Consider the well known normal stationary shock 
flow pattern, with velocities v, and v, upstream and 
downstream of the shock respectively. Fig. 3 shows that 
this stationary shock system can be changed to an un- 
steady shock motion by suitable superposition of 
velocities. 

Then v,=U - uo and v,=U — u, but note that v,, v, 
are positive in the opposite sense to U, uo and u. 

In a shock tube, the gas in front of the moving 
shock is at rest, that is, uw =0. 


Thus 


Prandtl’s equation for the normal stationary shock is 


U=v, and 


2 
VU, 


where a, is the critical speed of the flow and v,>7,. 
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SUBSEQUENT CONDITIONS (M >1). 
T 
| 
EXPANSION CONTACT SHOCK 


WAVE SURFACE 
FiGurRE 1. Flow variables in a shock tube. 


This equation, transformed to the unsteady case, gives 
U(U - u)=a.?; U>u, 


that is, since U is supersonic (U - u) must be subsonic 
and hence the unsteady gas motion contains a region of 
uniform flow of velocity u, subsonic with respect to the 
shock velocity U. 

Figure 2 shows that the shock is reflected on reach- 
ing the closed end of the low pressure section, and sub- 
sequently moves with a reduced velocity U, towards 
the high pressure section of the tube. It leaves the gas 
at rest behind it with increased pressure pp compared 
with the initial pressure po. 

Consider now the high pressure compartment. Here 
the gas has expanded as a centred rarefaction wave, 
whose front travels with the local velocity of sound, do. 
of the high pressure gas, while the velocity and direction 
of propagation of the rear of this wave depend on the 
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ALONG M> | FIG. 2(a) 
TUBE : 
x 
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u 
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Qo 
{oe a 


| CENTRED 
RAREFACTION 


HIGH PRESSURE 
COMPARTMENT 


FIG. 2(8) 


FiGurE 2. Shock tube flow: diagram. 


initial pressure ratio across the diaphragm. An 
expansion wave moving to the left (Fig. 1) into a gas 
at rest will set the gas particles in motion to the right, 
that is, in the same direction as the gas flow in the wake 
of the shock wave. Thus the unsteady gas motion con- 
sists of an expansion wave moving to the left and a 
shock moving to the right, separated by a region of 
constant velocity flow, subsonic with respect to the 
shock, to the right. With the exception of the accelera- 
tion region in the expansion wave, all the gas particles 
in the shock .tube are at rest or in uniform motion to 
the right. This is clearly shown by Fig. 1. 

Since the gas behind the shock has been compressed, 
its temperature T is higher than To; and since the gas 
behind the rarefaction wave has been expanded, its 


temperature 7 is lower than 7». Consequently, a dis- 
continuity of temperature occurs at those coincident 
points in the uniform gas flow which were originally on 
either side of the diaphragm. This “ contact surface” 
is also propagated into the low pressure section with a 
velocity u, since it is evidently not a velocity discon- 
tinuity in the uniform flow. 

Because of the presence in this flow of the 
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ymperature discontinuity, and hence a discontinuity in 
ie speed of sound, the Mach number M of the flow 
tween Shock and contact surface will be different 


fom the Mach number M of the flow between contact 

wace and expansion wave. 

The reflected front of the rarefaction wave, travell- 

ig with sonic speed relative to the flowing gas of 

locity u, will overtake the rear of the incident rare- 

ction wave, the contact surface and the shock in turn, 

ince the flowing gas is subsonic with respect to the 

shock. 

Consider a point in the lower pressure compartment 

ita given distance x from the diaphragm. A con- 

inuous record of the flow past this point would show: 

(i) A shock moving to the right, with velocity U, 

(ii) A region of uniform “ quasi-steady” flow to 
the right (velocity u), 

(iii) A temperature (that is, density) discontinuity 
moving to the right, 

(iv) A further region of uniform quasi-steady flow 
to the right (velocity u), 

(v) The head of the reflected rarefaction wave 
moving to the right, and 

(vi) A reflected shock wave moving to the left with 
velocity Ur. 


It is possible to select a particular point for any 
given initial pressure ratio and shock tube dimensions 
so that the contact surface, reflected shock and reflected 
expansion wave, all arrive at the same instant; this 
clearly corresponds to the maximum duration 7 seconds 
of the quasi-steady flow between shock and contact 
surface (Point x., Fig. 2A). Similarly, if the maximum 
duration 7 of quasi-steady flow between contact surface 
and expansion wave is required, a point is chosen so 
that the reflected and the incident expansion waves 
arrive instantaneously (Point x,, Fig. 2A). By altera- 
tion of the initial pressure ratio across the diaphragm, 
the desired shock strength or quasi-steady flow Mach 
number may be obtained; this simple method for 
obtaining various Mach numbers is the main advantage 
of the shock tube over the conventional supersonic wind 
tunnel, which requires different nozzle blocks for each 
flow Mach number. 

Experiments with shock tubes have corroborated 
that the theoretical wave model described above is 
correct; indeed, it may be stated that every shock tube 
has an optimum position in the lower pressure compart- 
ment where experimental results agree very nearly with 
the theoretical predictions. For observation points 
located nearer to the diaphragm than this optimum 
Position, the shock is not fully plane and has not 
teached its maximum speed, while for observation points 
located farther away from the diaphragm than the 
optimum position, the shock front is attenuated by the 
formation of the tube boundary layer and other mis- 
cellaneous causes. 

_ The flow behind the contact surface contains par- 
ticles of the shattered diaphragm and the contact surface 
self is a region of temperature gradient and not a true 
discontinuity in the flow. 


UNSTEADY 
SHOCK 


STATIONARY 
SHOCK 


U-u 
U-u 
Figure 3. Notation. 

In general, however, there is good agreement 
between theoretical and actual shock tube flow, especi- 


ally for initial pressure ratios of less than 100:1. 


3. History and Uses 


It is informative to trace the history of the shock 
tube and to note how its use has varied. In the 19th 
Century, interest in the propagation speeds of flame 
fronts and detonation waves led to the construction of 
the first shock tube by Vielle in France (1899). Despite 
the success of these experiments, the shock tube was 
neglected for the next forty years, until Payman and 
Shepherd’) produced their classic paper in which they 
investigated shock tube flow in some detail. 

Experimental shock tube work has been done in the 
past decade in the United States and Canada, where 
initial experiments were made to find a method of blast 
pressure measurement. It was later realised that shock 
tubes can be used to investigate compressible flow 
phenomena, and extensive experiments on the inter- 
actions of shocks, rarefactions and contact surfaces were 
made at Toronto. 

These experiments utilised a “ double” shock tube 
(Fig. 4) having two diaphragms which were punctured 
simultaneously. Long slit windows in the tube walls and 
a wave-speed camera were used to obtain a complete 
x-t history of the flow patterns. Any desired interaction 
was studied by suitable selection of the pressures p,, 
p, and p.. For example, the head-on collision of two 
shock waves was investigated when p,>p, and p.>py: 
and the head-on collision of a shock and a rarefaction 
wave was investigated”) when p,>p»>p-. 

Recently (since 1949), the possibilities of using the 
regions of quasi-steady flow to investigate sub- and 
supersonic flow about models, that is, using the shock 
tube as a very short duration aerodynamic tunnel, have 
been considered theoretically’) and practically. It 
will be noted that the shock tube, which was invented 
at the same time as the wind tunnel (c. 1900) has now 
developed as a rival to its contemporary. 
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The shock tube does not experience choking when 
conducting model tests at Mach numbers close to unity. 
and hence it is uniquely suited for transonic flow inves- 
tigations. Griffith’ at Princeton University has obtained 
steady flow conditions about a 15° wedge for a range 
of Mach numbers from 0-86 to 1-16, and thus closed 
the transonic gap in the data obtained from conventional 
wind tunnels. A Mach-Zehnder interferometer was 
used to determine the drag coefficients of this wedge. 
and the results were found to match Liepmann’s data at 
either end of the transonic range, and also to confirm 
recent theoretical predictions by Vincenti, Cole and 
Guderley. 

Theory shows that an infinite initial pressure ratio 
Po/Po across the diaphragm gives a finite upper limit 
for the Mach number of the flow between shock and 
contact surface, which, with air as the working fluid in 
the shock tube, is Mj,ax = 1-73; while in the flow between 
contact surface and rarefaction wave the Mach number 
M—>©o as Po/Po—>%. This limitation on M may be 
overcome by the use of a divergent nozzle in the low 
pressure section of the shock tube. Hertzberg’) has 
obtained M=4:2, and proposes to generate hypersonic 
flows in this manner. Liquefaction of the air is not so 
severe a limitation as in the wind tunnel, since the 
temperature of this expanded flow behind the shock is 
higher than in the corresponding flow in a conventional 
wind tunnel. For the non-expanded flow behind the 
shock T>T, (atmospheric), and thus liquefaction of the 
air cannot occur; behind the contact surface, liquefac- 
tion in the flow may be avoided by thoroughly drying 
the air used. Since the quantity of air involved is 


CIRCULAR} | 
SECTION) | a 
DIAPHRAGM 
POLISHED END OF 
TEARDROP 
FIGURE 5. 


smaller, it is an easier process to dry the air for a shock 
tube than for a wind tunnel. 

By the production of very intense shock waves, te. 
laxation time, ionisation and dissociation effects on gas 
behaviour at high temperatures may be studied. Perry 
and Kantrowitz’*’ in some preliminary experiments, 
have observed ionisation in argon caused by a con- 
verging cylindrical shock, produced by placing a “tear- 
drop” in a shock tube of circular cross-section, as shown 
by Fig. 5. 

Condensation phenomena in high speed flow have 
been observed in a shock tube by Wegener and 
Lundquist’, who used air of known humidity in the 
high pressure compartment and electronically detected 
the presence of water droplets in the flow following the 
bursting of the diaphragm by the amount of light 
scatter from the droplets. Apart from fundamental 
interest, the design of conventional supersonic wind 
tunnels should benefit from this work. 


4. A Shock Tube Installation 


The salient features of a practical shock tube in- 
stallation are shown in Fig. 6. In addition to the usual 
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FiGURE 6. Typical shock tube installation. 
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FicureE 7. 9 shock tube. 


methods of flow analysis by shadow, schlieren and inter- 
ferometer techniques, chronometer equipment is 
essential in a shock tube installation, since most observa- 
tions made involve time measurements. In the initial 
calibration of a shock tube, a curve connecting initial 
pressure ratio with shock speed or strength must be 
obtained. The light screen units L,, L, are miniature 
schlieren systems; the passage of a shock down the tube 
activates the photo-cell and amplifier P, and the result- 
ing electrical signal is used to start the electronic chrono- 
graph C. For shock speed measurements, the “ stop ” 
pulse is derived from the second light screen unit L., 
and the photo-cell unit P,; while for timing of the 
instant of exposure, the “stop” pulse is caused by a 
further photo-cell unit P,, actuated by the firing of the 
spark gap or discharge tube S. A variable delay unit D 
alters the time instant of exposure as desired. 


Data published on shock tubes has verified that 
initial conditions can be reproduced from shot to shot 
with an accuracy of 0-1 per cent. in the shock speed. 
Many sizes of shock tube have been built in North 
America, but the most useful general purpose tube has 


Ficure 9. 34 ft. shock tube, diaphragm section. 


FiGuRE 8. Typical schlieren photograph. 


a cross-section of about 6 in. x 2 in. and an over- 
all length of 20 to 40 ft. High pressure air at up to 5 
atmospheres and vacuum equipment for evacuation to 
3 mm. mercury is normally available. 


5. Work at the University of Bristol 


Following the successful construction and operation 
of a small shock tube, of 4 in. x 1} in. internal cross- 
section and 9 ft. in length, at Bristol in 1952 ,the author 
has developed an installation similar to that described 
in Section 4. The 9 ft. shock tube is shown in Fig. 7. 
and a typical schlieren photograph of the flow pattern 
recorded during a calibration test is shown in Fig. 8. 
The normal shock wave and the cylindrical Mach reflec- 
tions from a piece of adhesive tape attached to the floor 
of the working section are clearly visible; the oblique 
curved shocks are probably due to the reflections in the 
walls of a cylindrical shock wave caused by diffraction 
of the principal shock around a small protuberance at 
one of the section joints, principally the diaphragm joint. 

At the time of writing (February 1954) the new 
shock tube installation is being calibrated; that is, a 


Ficure 10. 34 ft. shock tube, timing section and equipment. 
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curve of shock speed against initial pressure ratio is 
being obtained. The shock tube, which is constructed 
of mahogany 1} in. thick, is believed to be the first 
employing wooden construction. The internal cross- 
section is 6 in. x 24 in. throughout, the lower pressure 
compartment is made up of interchangeable sections 12, 
6, 5, 4, 2, 2 and one ft. in length and the higher pressure 
compartment, 4 ft. in length, is reinforced by a steel 
outer case. Electronic timing equipment has been 
developed and will be used to determine the transient 
flow patterns occurring during the diffraction of shock 
waves around various obstacles. Three views of the new 
shock tube installation are shown in Figs. 9, 10 and 11. 


6. Conclusion 


At present, only optical methods of flow analysis 
are applicable to the shock tube, but if a technique can 
be developed to measure directly the transient forces on 
a model, the shock tube may compete with the conven- 
tional supersonic tunnel as the premier too! of aero- 
dynamic research. Whatever future developments in 
technique may be, the shock tube offers the most 
economical way of demonstrating and investigating a 
large variety of steady and unsteady phenomena. AI- 
though shock tube instrumentation requires synchronis- 
ing and chronograph apparatus in addition to the usual 
flow observation equipment, costly compressors, ducting 
and nozzle blocks for each flow Mach number, which 
are required by the normal tunnel, are absent. As 
general purpose equipment, the shock tube is invaluable 
for demonstration and research work in university 
laboratories. 

A selected list of references of theoretical and 
practical shock tube work follows. 
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Relative Eddy and its Effects on the 


Performance of a Radial Bladed 
Centrifugal Impeller 


K. R. REDDY, B.Sc. M.Eng., A.F.R.Ae.S, 


SUMMARY: Mathematical and experimental methods for estimating the relative eddy 
velocity in a radial bladed impeller channel have been determined to replace the 
empirical velocity so far used in designing and predetermining the performance. The 
effect of this relative eddy velocity on rotor performance has been experimentally deter- 
mined on a specially designed compressor and compared with mathematical calculation. 


Introduction 


There are certain causes of deviation, such as shock 
losses at the entry to the impeller and the losses due to 
the friction and relative eddy of the fluid within the 
impeller channel, between the actual and the calculated 
theoretical performance of a centrifugal impeller. 

So far investigations'') have been directed mainly 
to curved bladed impellers. In this paper a simple two- 
dimensional fluid dynamic theory is developed for an 
analytical study of the fluid flow through the radial 
bladed centrifugal impeller channel. Using this theory 
a correct estimation of the relative eddy velocity for a 
given impeller may be obtained. 


Notation 
V_ absolute velocity (ft./sec.) 
U tip velocity of impeller (ft. /sec.) 
velocity function 
stream function 
N_ number of blades on impeller 
angular velocity (radians /sec.) 
z torque (ft. Ib.) 
g acceleration due to gravity (ft./sec.*) 
R gas constant (96 ft. lb. per Ib. per °C.) 
7 adiabatic efficiency 
Ps Static pressure (Ib./in.*) 
Py total (stagnation) pressure (Ib./in.*) 
Ts; static temperature (°K.) 
T, total (stagnation) temperature (°K) 
Joule’s constant (ft. Ib. /C.H.U.) 
C, specific heat at constant pressure 
C, specific heat at constant volume 
y ratio of specific heats C,/C, 
p density (Ib./ft.*) 
V,. whirl velocity (ft. /sec.) 
V. flow velocity (ft./sec.) 
V. radial velocity (ft./sec.) 
r, hub radius (ft.) 
r, tip radius (ft.) 
w mass flow (Ib./sec.) 
Suffixes 


1 inlet to impeller 
2 outlet from impeller 


Originally received 1951. 


2. Relative Eddy 


Consider an air mass flow of one lb./sec. entering 
axially into the impeller eye; the air possesses no 
moment of momentum at entry. Suppose that it leaves 
the impeller tip with a tangential velocity V,.. Since 
the torque is equal to the moment of momentum at the 
outlet, 


7=moment of momentum = ft. lb. 


and work done per sec. = Ib. 


But when the air leaves the impeller tip with a tan- 
gential velocity equal to that of the tip, 


Work done per sec.= (1) 


For a radially bladed impeller this is the maximum 
work which can be done per sec. per Ib. of air, but 
because of the “relative eddy,” V.. is always less 
than U. 

The relative eddy may now be considered. The 
flow through the channels of an impeller may be 
regarded as the resultant of the motion of the fluid con- 
tained within the channels due to the rotation of the 
impeller, together with the through flow. 

The motion of a frictionless fluid in the impeller 
channel due to the rotation alone is conditioned by the 
fact that the bounding surfaces cannot apply tangential 
forces to the fluid and that the fluid possesses inertia. 
Consequently, in a cylindrical vessel having its axis 
parallel to the axis of rotation, the fluid will rotate as a 
whole about the axis of the cylinder in a direction 
opposite to that of rotation. In an impeller channel 
closed at both ends and filled with frictionless fluid, 
there would be a similar motion in a direction opposite 
to that of the impeller rotation (Fig. 1) which may be 
called “ relative eddy.” 

If now “through flow” be superimposed on the 
relative eddy, it has the effect of changing the absolute 
velocity at the impeller outlet from V, to V,’ and the 
absolute direction from 2, to z,’._ The important effect 
from the practical point of view is that the velocity of 
the whirl V,,, is reduced by an amount V,,,” (Fig. 2) to 
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ROTATION OF FLUID 


OF IMPELLER 


' 


Bags 


Fluid rotation with respect to 
impeller. 


FiGure 1. 


a value V,.’, and the work done by the rotor may be 
written as :— 


Work done= per lb. per sec. 
U 
V per ib. per sec. (2) 
and 


o is the slip factor and V,..”/U is the non-dimensional 
relative eddy, a theoretical investigation of which may 
now be considered. 


3. Assumptions and Limitations of 
the Theory 

The distribution of velocity in a rotating channel 
may be deduced purely on the basis of simple fluid 
dynamics theory. The assumptions made in deriving 
the equations are that 

(i) The fluid is a perfect gas, frictionless and in- 
compressible; 

(ii) Channels are full of gas; 

(iii) The planes of the fluid paths traverse the axis 

of rotation; 

(iv) The width of the impeller channel in a direction 

parallel to the axis is constant. 

From assumption (i), it can be seen that the theory 
is based on incompressibility of the fluid. Consequently 
at supersonic flows this theory is invalid due to com- 
pressibility shock effects that come into existence. 


4. General Theory of Fluid Motion in a 
Rotating Channel 
Let u and wv be the velocity components of the circu- 
lating fluid at a point A (Fig. 3). Then from the 
condition of incompressibility of the ideal fluid we 
have : — 


Ov ou 

(4) 
The condition of uniform vorticity is 


Ox ody 


__ AUGUST 


Then if v and ¢ are the stream and velocity functions 
respectively, equations (4) and (5) may be written as: 


=0 


Equation (6) is an example of Laplace’s equation 
and the functions satisfying it are plane harmonics. 


4.1. BOUNDARY CONDITIONS 

Many solutions of Laplace’s equation are known, the 
useful form varying with the nature of the problem and 
the boundary conditions. These are easily deduced in 
the present problem, assuming that a streamline repre- 
sents a solid boundary and that along it v is constant, 
Taking the solution of equation (6) in the form 


the equation becomes 
x 


Once v is found to satisfy the first part of equation 
(6), then the second part is immediately fulfilled. 


(8) 


/ 
\ 
Velocity diagram taking relative eddy into 
account. 


FIGURE 2. 
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FIGURE 3. 


KY 


0 


The equation of the boundary condition then is :— 


+0x) ax (2% ~wy)ay=0. 


42. POLAR CO-ORDINATES 
Using polar co-ordinates, equation (6) becomes 


or r or” 00 


and from equation (9) 


(11) 


43, ESTIMATION OF eek THE RELATIVE 
EDDY VELOCITY 

Once the value of # or wv is found, the complete 
analysis of the theoretical velocity distribution in the 
rotating impeller channel is deduced. The general 
solution of equation (6) is: — 
sin m6+ X(A’r" cos 

Let z be the angle subtended by the two radii of the 
sector of the impeller channel, and r, and r, the hub and 
tip radii of the impeller, where r,>r,. Let r be the 
radius at any point, and let @ be the positive or negative 
angle which r makes with the bisector. 

Equation (11) breaks up into 


op 


or = — ag over the rectilinear side where dé=0 
f= + whatever the values of r be 
between r, and r, ) 
to over the sides of the arc where dr=0, 
r=r, and r, whatever be the (14) 


value of 6 between + 5 


_ To find the values of the constants A, A,, A’ and A,’ 
i equation (12) for the boundary conditions given in 


(13) one more term r* is added to equation (12). The 
indefinite amount = is taken from, or a special term 
r’(Bsin@cos#) is added to, equation (12). This 
expression is substituted for ¢ in wr?=—d¢/06 for 
boundary conditions 6=+2/2. This gives two equa- 
tions, which successively subtracted from, and added to. 
one another will give two new equations which are 
satisfied if 


2 cos 


so that the expression for # reduces to 


On 
+> +A,r~-")sinmé (15) 


2 cosa n=0 
2n 7 
where m= ad ¢= 2% 
x N 


To satisfy equation (14), (15) is differentiated with 
respect to r and equated to zero. After substituting 
successively r=r, and r, two equations are obtained, 
each of which reduces the X to a single term. This is 
effected by multiplying the two parts by sin m9d@ and 
integrating between the limits +2/2. This gives two 
equations for the values of A and A,. The solution for 
@ may now be written as 

or sn26 


(16) 


From this expression the value of the eddy velocity 
may be calculated. V,.”, the tangential component of 
the rotating fluid, will become 


1 
The relative angular velocity » of the fluid in the 
impeller channel, being the same as that of the impeller 
itself, may be taken as U/r,. Therefore, from (16) and 
(17) — m and z in terms of n and N 


16) 


x cos | (18) 


where M= Gs 


The values of r/r, and N are known. Assuming the 
different values of 6 within the limits +2/2 for a given 
value of (r/r.), the values of V,.”/U may be calculated 
from equation (18). Assuming that r, is negligibly small 
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compared with r,, which is usually so, the cross-section 
of the impeller channel becomes a simple sector of a 
circle. Thus the expression for V,,.”/U may be further 


Considering only the first two terms of the series in 
expression (19) the calculated values of Vy.”/U for a 
six-bladed impeller have been plotted in Fig. 4, which 
shows the distribution of V,.”/U along the arc of the 
sector of the impeller channel at various values of (r/r,). 
The estimated mean value of V,.”/U at each value of 
(r/r.) between 0 and 1-0 are shown for 6- and 15-bladed 
impellers in Fig. 5; it can be seen that the centre of 
rotation of the fluid in the case of a 6-bladed impeller 
occurs at (r/r,)=0-666 and for a 15-bladed impeller at 
0-828. This indicates that the radius of rotation of the 
fluid decreases as N (the number of blades) increases. 
The relative eddy velocity for a given angular velocity 
(i.e. the tangential component of the rotational velocity 
of the fluid with respect to the impeller channel at the 
tip) is the product of » (angular velocity) and r (radius) 
and would decrease as N increases. Consequently, with 
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Ficure 5. Mean relative eddy velocity. 


an infinite number of blades on the impeller, the velocity 
would be zero and the whirl velocity at the outlet would 
be equal to U. 

This process of obtaining the relative eddy velocity, 
although quite straightforward and requiring no mathe. 
matical ingenuity, calls for arithmetical precision and a 
fair degree of perseverance. However, for practical 
purposes it is only necessary to find the mean relative 
eddy velocity along the arc at the tip of the impeller. 
In this case (r/r,) in expression (19) may be taken as 
unity, and the calculations will be greatly simplified. 
In any case the method of investigation is somewhat 
tedious. If in a determination of relative eddy velocity, 
accuracy to three figures is required, the foregoing 
method is the simpler, but if quick results, with some 
sacrifice in accuracy, are needed the method may be 
further simplified. 

Taking only the first term of the series, i.e. n=0 in 
expression (19), the equation becomes a perfect integral 
and may be integrated in an exact fashion between the 
limits +7/N. The mean value of V,..”/U may now be 
written as 


2" 
tan 
32.N 
(mean) = 1 + (20) 
N 


from which V,,.”/U (mean) may be determined quickly. 


Ficure 6. Velocity diagram for a curved-bladed impeller 
taking relative eddy into account. 
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To take into account the hub tip diameter ratio in 
ulculating the relative eddy velocity, only the first term 
of expression (18) is considered, i.e. n=0. 

Putting (r/r.)=1 and integrating between the limits 
4z/N the mean value of Vy,.”/U at the tip of the 
impeller channel may be obtained as 


tan as 
2 
T (mean) = | (N? x 
N 
N N N 


(21) 


From this expression, for a known value of N and 
(r,/r.) the mean value of V,.”/U may be calculated. 


44. GEOMETRICAL METHOD 

Figure 5 shows that the centre of rotation of the 
fluid with respect to the impeller is the centre of the 
maximum circle that can be inscribed in the sector of 
the channel. Further, as the angular velocity of the 
fluid is the same as that of the impeller, simple geometry 
shows that V,.”/U=BC. Here V,.”/U is found 
geometrically by first constructing the sector with unit 
radius and the angle subtended by the arc equal to 
27/N. The maximum circle in the sector is now 
inscribed and the distance of its centre from the arc 
of the sector will give the value of Vy.” /U. 


45. STODOLA’S METHOD 

An approximate method of determining V,.”/U is 
based on a proposal by Stodola’’ that the eddy velocity 
is equal to wx/2 (Fig. 6), 


® 
since x2 V.,"= Psin B,. 


For a radial bladed impeller 8,=90° and P=27/N; 
substituting the value of in terms of U and r, 
In Fig. 7 the values of Vy.”/U calculated from 
expressions (19), (20), (21) and (22) have been plotted. 
From the figure it can be seen that there is a discrepancy 
between the values calculated by Stodola’s method and 
those from the formulae derived in the paper, particu- 
larly at lower values of N. The difference between the 
Values calculated from expressions (19) and (20) is 
negligibly small. For example, for a 15-bladed impeller 
the value of V..”/U (mean) calculated from equation 
(19) is 0-1753 and that calculated from (20) is 0-1727. 
The compressor used for the experiments had a 
hub/tip diameter ratio of 0-271. Therefore, taking 
(r,/r.)=0-271, the calculated value of Vy.”/U (mean) 
ftom expression (21) is 0-289 for a six-bladed impeller. 
This value is slightly higher than the one calculated 
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Ficure 7. Variation of work done factor with number of 
blades. 


from (20). When N is increased to eight, the calculated 
mean value of the relative eddy velocity is 0-265 against 
0:267 as calculated from (20). This shows that the 
assumption on which equation (19) is based is quite 
justified when the value of N is eight or more. 


5. Experimental Investigation 
Before discussing the results of the tests made on 
the compressor, the apparatus used will be described. 


5.1. COMPRESSOR 

The compressor was a single-stage radial-bladed 
machine specially designed for experimental purposes. 
The details of the general arrangements of the com- 
pressor are shown in Fig. 8 and of the rotor in Fig. 9. 
The rotor had 15 blades with a tip diameter of 9-25 in., 
a hub/tip diameter ratio of 0-271, was fitted with 
rotating guide vanes and was designed to operate at 
1,000 ft./sec. tip speed. The diffuser designed for the 
tests is shown in Fig. 10; it had nine vanes with a 
divergence angle of 10° giving an outlet to inlet area of 
4:08. The intake of the compressor shown in Fig. 8 
was specially designed to ensure axial entry. 


5.2. RIG 

The general arrangement of the rig and the driving 
motor is shown in Fig. 11. The motor was an adapted 
shunt-wound generator and was coupled to two step-up 
gear boxes arranged in series, giving an overall gear 
ratio 7-1:1. The compressor was directly bolted to the 
casing of the second gear box. The control of the mass 
flow into the compressor was effected by a throttle 
assembled between the air flow nozzle and the com- 
pressor inlet. 


5.3. INSTRUMENTS 
To obtain a complete flow analysis in an impeller, 
it is necessary to measure 
(a) Power input to the compressor; 
(b) Compressor rotational speed; 
(c) Mass flow; 
(d) Pressures at inlet and outlet of the impeller (both 
total and static pressures combined with the flow 
direction); 
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(e) Inlet and outlet total head temperatures of the 
compressor. 


Item (a) was measured on a dynamometer by apply. 
ing the loads to the tray suspended from an arm 
attached to the frame (Fig. 11). Items (b) and (e) are 
amply dealt with in other literature. Item (c), the mass 
flow measurement, was effected by means of a 4 in, 
British Standard air flow nozzle (see Fig. 11). 

Total and static pressures at the inlet to the com. 
pressor were measured with four standard pitot static 
National Physical Laboratory (N.P.L.) tubes equally 
spaced round the intake trunking. Each instrument was 
inserted into the stream to a predetermined depth, and 
the arithmetic mean of the pressure readings was used 
in the calculations. Outlet total and static pressures 
were measured with similar instruments placed in four 
delivery manifolds. 

Space restrictions and mechanical difficulties pre- 
vented the use of an N.P.L. tube for traversing. 
Preliminary investigations of the static pressure measure- 
ments using wall tappings gave unsatisfactory results 
because of the static pressure gradient along the stream; 
a cylindrical pitot static yawmeter™) was therefore used. 


5.4. MECHANICAL EFFICIENCY 

The power absorbed by the compressor is the sum 
of the power output (air h.p.) and the mechanical losses. 
The ratio of the air h.p. to the power absorbed is the 
mechanical efficiency. In the present experiments the 
power absorbed was calculated from the brake load, 
and the air h.p. from the total temperature rise of the 
working fluid in the compressor. Fig. 12 indicates that 
the mechanical efficiency of the experimental com- 
pressor averages about 93 per cent. 


5.5. STATIC PRESSURE RISE 


Some traverses were made at the tip of the impeller 
(Fig. 8) and observed values of static pressure rise are 
plotted against non-dimensional mass flow (Fig. 13) for 
tip speeds ranging from 800 to 1,100 ft./sec. The figure 
shows that within the range of investigation, the static 
pressure rise generated by the centrifugal action is solely 
a function of the r.p.m. of the rotor, and does not depend 
upon the mass flow. 

5.6. ABSOLUTE MEAN VELOCITY OF THE FLUID AT 

OUTLET FROM IMPELLER 


In the upper part of Fig. 13, Mach numbers of work- 
ing fluid at the tip of the rotor are plotted. It can be 
seen that, within the limits investigated, the kinetic 
energy at the beginning increases slightly with the mass 
flow and, once the peak value is reached, becomes 
independent of the mass flow, depending only on the 
tip speed. This kinetic energy is not a loss and can be 
converted into heat energy in the diffuser, the efficiency 
of which determines the degree of pressure recovery. 


5.7. RELATIVE EDDY 


Attention has already been drawn to the effect of the 


relative eddy on the performance of the centrifugal rotor 
and the theoretical method of estimating its value. 
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These theoretically estimated values will now be com- 
pared with experimental results. 

o, the slip factor for a given tip speed, may be 
determined either from the adiabatic temperature rise 
of the working fluid through the rotor (the adiabatic 
work done=oU?/g) or from the absolute mean velocity 
of air (V.’) and its direction at the tip of the impeller 
(r=V,’ cos 2,’/U). 

Traverses were made } in. from the impeller tip 
(Fig. 9). The air angle ~.,’, the total pressure p,, and 
the static pressure p,; (measured with a pitot static 
yawmeter) were observed at pre-selected positions along 
the tip for various mass flows at a constant speed. 

From the observations made during the traverses, 
the slip factor « was calculated, using the mean total 
head pressures. The results are plotted in the lower 
half of Fig. 14, which shows that the calculated value of 
* conforms with experimental values. 

Values of o plotted in the upper half of Fig. 14 were 
calculated, using the absolute mean velocity of the fluid 
and its direction at the outlet from the rotor. The mean 
velocity was calculated from the expression : — 


Where p.; is the corrected static pressure and p,, is the 


(23) 
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the rotor outlet and is the same as at the compressor 
outlet, except for a small loss due to radiation. These « 
values are slightly lower than those calculated from the 
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FIGuRE 14. 


adiabatic total head temperature rise (lower half of 
the figure). This may be due to the error involved in 
measuring the static pressure. 


5.8. ROTOR EFFICIENCY 
Rotor efficiency may be defined as :— 


| 
Tyr 
or (25) 


C, [Tox Ty) 


In either expression the outlet temperature from 
compressor (7,,) may be substituted for T,;. Calculated 
rotor efficiencies by both methods are plotted against 
non-dimensional mass flow in Fig. 15. In the case of 


FiGuRE 16(a). Flow pattern in impeller at 900 ft./sec. impeller 
tip speed, mass flow 48-3 lb./min. 


theoretically estimated value of «=0-825 (Fig. 7) was 
taken. From the figure it can be seen that calculated 
values compare favourably with experimental. 


5.9. FRICTIONAL LOSSES IN THE IMPELLER 


Skin friction depends upon the surface finish; the 
rougher the surface the greater the loss due to skin 
friction. Impellers for the centrifugal compressor are 
normally of duralumin, machined to shape and then 
polished. In certain cases they are anodised to protect 
the surface of aluminium from corrosion. To determine 
whether anodisation has any effect on the surface finish, 
two surface profile photographs were taken. Fig. 17(a) 
is the polished aluminium surface profile and (bd) is an 
anodised surface. The Root Mean Square (R.M.S.) 
values of depth measurements made were 6 and 4 micro 
inches respectively. 

In Fig. 18 the value of friction factor is plotted 
against the Reynolds number for two values of ¢/d 
where < is the surface roughness measured in micro- 
inches and d is the equivalent diameter of the impeller 
channel. The calculated equivalent diameter of the 
experimental impeller channel was 1:31 in. Therefore, 


Ficure 16(b). Flow pattern in diffuser at 900 ft./sec. impeller 
tip speed, mass flow 48-3 Ib./min. 
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FiGuRE 17(a). Polished aluminium surface profile photograph 
roughness factor 4 to 6 micro-inches root mean square value 
magnified 5,000 times. 


considering two surface roughness factors of 10 and 4 
micro-inches the </d values would be 0-:000008 and 
0000003, and a mean of this may be taken for a 
production impeller surface. 

To calculate the loss of total head due to skin 
friction, Fannings equation may be used. 


FLpv? 


dpr= de (26) 
where 
Friction factor 
L_ Length of the passage (ft.) 
o Mean density of the fluid (Ib./ft.*) 
V Absolute fluid velocity at outlet from the 
impeller (ft. /sec.) 
d Equivalent diameter of the impeller 


channel (ft.) 
g Acceleration due to gravity (ft./sec.*) 


The calculated values of frictional losses are plotted 
in Fig. 19, and it can be seen that a maximum value of 
ll per cent. of the total pressure loss is due to skin 
friction. 


Conclusion 

In general the principle of operation of a centrifugal 
compressor is quite simple, but to consider the air flow 
in the components in detail is a complex aerodynamic 
problem, since the flow pattern of the air gets out of 
control right at the entry into the machine. A survey 
of the literature published on this subject indicates that 
basic design data for the centrifugal compressor is less 
available than for the more recent axial flow type. The 
theoretical and experimental investigation presented in 


FiGurE 17(b). Anodised aluminium surface profile photograph 
roughness factor 4 micro-inches root mean square value 
magnified 5,000 times. 
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The Development of an Early Helicopter’ 


by 


P. J. ALDRIDGE 


T IS ONLY in very recent years that the helicopter 
has begun to find a place in the pattern of Aviation. 
Although its development has not been so intensive nor 
so widespread as that of the more conventional fixed 
wing aircraft it has remained a positive and progressive 
force running on a parallel course. 

The idea of the screw, as a method of propulsion or 
lifting, is not new, yet at the beginning of the 20th 
century its use was still restricted to propelling ships. 
It is therefore not surprising to find that the develop- 
ment of an early helicopter was carried on in a shipyard. 


1. Preliminary Experiments 


In 1905, at the Leven Shipyard of William Denny 
Brothers at Dumbarton, experiments were started to 
investigate the use of the propeller as a primary lifting 
device. 

The project was sponsored by Mr. Maurice Denny 
and the experiments were made by Edwin R. Mumford, 
Chief of the Experimental Tank and J. Pollock Brown, 
his Chief Assistant. 

A number of experiments were made with model 
screw propellers, all of similar construction but of 
different dimensions. The object of these experiments 
was to prove two laws governing thrust and power. 
These were : — 

Thrust =(Dia.)* x (RPM)? x K 
Power absorbed =(Dia.)’ x (RPM)* C 
Where K and C were constants. 


The pitch ratio was unity and the projected blade 
area was 30 per cent. of the disc area. Perhaps naturally 
enough all of these model propellers were run while 
submerged in fresh water. 

When design work was started on larger propellers 
for lifting a machine in the air, the same formulae were 
adapted simply by varying the values of the constants 
used, in the ratio of air to water. The results obtained 
from tests on these large airscrews followed very closely 
the power absorbed in terms of revs./min. predicted by 
the model screws tested in water. 


2. General Description 


Designated the §.0.60 the proposed machine took 
the following form. Six two-blade propellers, each of 
25 ft. diameter mounted on a frame of tubular construc- 
tion with three propellers on each side. Each of the 
propeller shafts was driven through bevel gears from 
a longitudinal horizontal shaft running along each side 
of the aircraft. Each of these shafts was in turn driven 
by a chain drive from the main reduction gear box con- 
nected to the engine. 


*Read before the Bristol Branch on 28th April 1953. 


Directional control was by means of a rudder 
mounted at the rear of the machine. On later models 
an elevator was mounted at the front of the aircraft. 


3. Propellers 


The blades first tried, in October 1906, were of 25 ft. 
diameter and had rims of bamboo with diaphragm of 
silk, eyeletted and laced taut. In this condition the 
weight was 36:6 lb. The bamboo was found to absorb 
so much water from the atmosphere that its weight was 
increased as much as by 18-4 per cent. Also, the silk 
was inclined to become dirty and therefore, heavier. The 
weight after considerable use was estimated to reach 
384 Ib. although in fact it turned out to be 44 Ib. 

Evidently the water soaking in the rims decreased 
their strength because in the next three years experi- 
ments were made with steel tubular rims and then with 
elm rims, weighing 54 Ib. and 53 Ib. respectively. 

The final elm rims were not changed from 1909 
onwards. The hub was made of top and bottom driving 
collars with a perforated steel spacing sleeve on a 3 in. 
diameter aluminium centre driving tube. 

The propellers were braced from the hub above and 
below with steel wires to twelve points on the rim. The 
total weight, including hub and bracing wires, was 
about 75 Ib. 

Because of the flexibility of their constructions the 
exact pitch under stress was uncertain but it was taken 
to be approximately 19 feet. 


4. Frame 


The original framework was composed almost 
entirely of aluminium tube with steel junction castings. 
The tubes were mainly of 14 in. diameter by 22 B.W.G.. 
except the three transverse members between the 
bearing points of the pairs of bevel gears where 2 in. 
diameter by 22 B.W.G. was used. 

The two outline members of the main frame 
attached to the skid attachment castings were made up 
of a wooden “I” section girder tapered in two directions 
and the space on each side of the web was packed with 
soft wood. The whole was bound with cloth and 
varnished. 

Many of the transverse and longitudinal members 
and all of the frames were wire braced. 

The engine with its C/L fore and aft was mounted 
amidships on two channel section bearers. These in turn 
were supported at their ends by two transverse channels. 
The two channels joined the side bottom members at 


Figure 1. Method of bracing individual members. 
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FiGuRE 3. 


Figure 2. Method of joining tube to casting. 
FiGuRE 3 (inset). Method of constructing hollow gear. 


four stout castings, to which were also bolted the two 
sprung landing skids. 

The ends of the aluminium tubes were blocked with 
wooden plugs, the protruding ends of which were 
located in the sockets of the steel junction castings. 
These plugs were retained in both socket and tube and 
with brass wood screws. 


5. The Engine 

From the beginning the rapid development of the 
flying machine was handicapped by the lack of a suit- 
able power plant. The machine was originally designed 
around a French 8-cylinder Buchet Engine purchased in 
1906, which was said to give 25 b.h.p. at a dry weight 
of 110 lb. Although guaranteed to meet the require- 
ments, both the power and weight were a long way out. 
A struggle which lasted nearly three years, to adapt this 
engine to the airframe and vice versa, ended in complete 
failure. 

During 1909 attention was turned to an engine being 
manufactured by the New Engine Company at Acton. 

In a report of the 9th December 1909, the engine 
appears to have been a four cylinder in-line two-stroke 
petrol engine, water cooled and slightly supercharged, 
with a capacity of nearly 2 litres. It developed 25 b.h.p. 
at 1,200 r.p.m. but, at that time, a speed of only 1,100 
p.m. was required which gave less than 23 b.h.p. Eight 
months later another test report on a similar engine 
gave equally unsatisfactory results. 

A new V4 engine is then mentioned, which would 
give 40-50 b.h.p. at 1,200 r.p.m. with an advantage in 
weight over the old one of 32 lb. 

In September 1911, nearly two years after the first 
test on the in-line engine, the V4 was tested, with a 
capacity of 2:4 litres. It was found to develop 41 b.h.p. 
at 1,207 r.p.m. and 37 b.h.p. at 1,100 r.p.m., which was 
the speed required. 

During a 20 minute test, in which the power de- 
veloped was about 41 b.h.p., and speed about 1,205 
l.p.m., the consumption was 4:16 gal./hr. of petrol and 
about 2 pints/hr. of oil. The dry weight of this engine 


was found to be 1594 Ib. which was 174 Ib. lighter than 
its predecessor. 

It was this engine that the machine was fitted with, 
and retained throughout its life. 

Due to the lack of a suitable power unit the develop- 
ment of this helicoper was held up for nearly five years. 


RADIATOR AND LUBRICATION 

The V4 engine, like its predecessors, was water- 
cooled and the radiator adopted was of a multi-tube 
type containing in all 128 4-in. diameter tubes, vertically 
positioned in three ranks staggered pitch. These tubes 
were arranged in four panels of thirty-two in each, 
mounted abreast across the aircraft. The flow was 
arranged so that water and steam were forced in at the 
bottom of one panel of pipes, flowed up through the 
pipes into a header tank which bracketed the next panel 
as well, and so the water flowed down through this next 
panel of pipes to a tank at the bottom, bracketing the 
third panel. This operation was repeated before the 
water was allowed to return to the cooling jacket. 

It is assumed that the lubrication system was the 
same as on previous engines produced by the NEC, in 
which oil was fed to the moving parts by a rotary pump 
at a pressure of 8 to 10 lb./in.* and was drawn from the 
filter well at the bottom of the sump. 


6. Reduction Gear Box 


The main reduction gear box was driven directly 
from the crankshaft via a simple plate clutch. 

The gear ratio was 3:1 and the drive shaft, mount- 
ing a 14 in. diameter gear wheel drove a 44 in. diameter 
wheel on one take off shaft and, via a 24 in. idler gear 
wheel, drove a 44 in. diameter wheel on the other take 
off shaft. The teeth were No. 16 pitch involute. 

To avoid undue weight the gear wheels were made 
hollow and constructed in two parts. The teeth were 
cut in a hollow cylinder closed at one end only. One 
half of the shaft was machined integral with the closed 
end. Into the open end of the cylinder was screwed a 
thin plug to which the other half of the shaft was per- 
manently attached. Both the closed end and the thin 
plug were perforated with lightening holes and all the 
shafts were hollow. 

The first gear box casing to be made in 1906 seems 
to have been of cast iron bushed with bronze. 

However another was made and although the draw- 
ing has no date on it, it must be assumed that it is the 
one used from 1909 onwards as it is called “The New 
Box for Reduction Gear.” The dimensions were iden- 
tical with the old casing, but the construction was 
entirely different. 

The main part of the casing was in three parts. The 
front and rear plates of the casing which carried the 
shafts were cast from Stone’s Bronze and accurately 
machined to allow the shafts to run-.directly in the 
casing. The positions of the two bearing plates were 
maintained by a cast aluminium spacer which formed 
the bottom and sides of the box. A domed tin plate dust 
cover completed the assembly. 
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Chain Drive 

On each of the power take off shafts, and outside 
the gear box casing, was mounted a sprocket which was 
connected by a chain to a similar sprocket on the drive 
shaft running horizontally along each side of the main 
structure. Here again the gear ratio was 3:1. 


Side Drive Shafts 

The horizontal drive shafts which connected the 
chain drives to the propeller shafts were made from 
22 B.W.G. aluminium tube of 2 in. o/d made in two 
20 ft. lengths. Each shaft was joined at the bevel drive 
to the middle propeller shaft. 

At each end of each half the aluminium tube was 
hammered into a hexagonal shape in order that it should 
mate with a similarly shaped socket in the end of the 
bevel gear shaft. Apart from the bearings holding the 
bevel gear, each tube was supported at approximately 
its mid point. 


Bevel Gears 

The bevel gears transmitted the drive to each pro- 
peller shaft which ran at an angle of 10° forward and 
10° outboard from the vertical. 

Both gears were machined from vanadium steel and 
the small one on the horizontal shaft drove the large 
one on the propeller shaft at a ratio of 4-875: 1. 


7. Controls 


The rudder was of similar shape and construction to 
the propeller blades and was connected to a steering 
wheel positioned horizontally in front of the pilot. 

The elevator was semi-circular and also of the same 
construction as the propeller blades and was connected 
to a hand wheel positioned vertically between the pilot’s 
knees. The pilot also had the clutch and throttle to 
manage. 


8. Weights 


In flying trim the first machine with the Buchet 
engine weighed 8854 Ib., including pilot. 
at Therefore it was calculated that each propeller 
ie would have to lift 148 Ib. and from previous tests at 
ae 344 revs. would require 2:77 h.p. Thus, allowing for 
77:5 per cent. efficiency, the total h.p. required from the 
engine was 21:4 h.p. In fact the engine was heavier and 
developed less than the expected b.h.p. 
The weight of the machine in June 1909 was 1,025 Ib. 


FicureE 4. Front view of machine in flying trim immediately 
before the tethered test flight on 6th January 1913. 


or 171 lb. per propeller. This was due to the increased 
weight of the four cylinder engine which weighed 18) 
lb., the elm instead of bamboo rims on the propeller 
blades, and one or two other items. The new engine 
was by now delivering a true 25 b.h.p. 

By February 1913 the weight of the machine in 
flying trim had risen to 1,577 Ib! This seems to have 
been caused by installing the V4 engine which weighed 
217 lb. and strengthening some members of the frame 
—the driving shafts and the three cross struts between 
the bevel gears, were replaced by ones made of steel 
tube instead of aluminium. 

The propellers now had to lift about 246 Ib. each at 
45 revs. and had an engine delivering over 40 b.h.p. 


9. Flight Testing 


In 1909 before a suitable engine was installed, the 
first flight tests were made. The power was supplied 
by an electric motor and transmitted through a tele- 
scopic shaft. 

When the four cylinder V engine was fitted, flight 
became a possibility and during 1912 several “flights” 
were made with the machine restricted in altitude to a 
height of 10 ft. This was the length of the rope by 
which it was tethered to the ground. 

In a report of 6th January 1913, Mr. Mumford states 
that he had come to the conclusion that aluminium was 
unsatisfactory for that particular job, in that it lacked 
the quality of resilience. The framing showed signs of 
undue stress and in one or two places had actually 
buckled. The undue stresses referred to in the report 
were brought on by the tugging backwards and down- 
wards of the tethering rope and by the machine drop- 
ping back to earth rather suddenly after the engine had 
been switched off, instead of throttled back. 

During the same test, trouble occurred in the form 
of a slipping clutch. In spite of this, and the obvious 
loss of power, the engine still maintained the machine 
in the air. The slipping clutch was caused by oil creep- 
ing from the spindle on to the engaging surfaces. This 
was cured by introducing Fullers Earth and Powdered 
Resin in between the leather clutch faces. 

The cured clutch was then so effective that when it 
was engaged the machine quickly rose to the fullest 
extent of its tether. At that moment one of the side 
shafts broke at a point where it had been hammered to 
a hexagonal shape. Two adjacent propellers then fouled 
each other and, in turn, badly wrecked the aluminium 
tubing at the after end. 


Ficure 5. Full side view of machine in flying trim immediately 
before the tethered test flight on 6th January 1913. 
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FicukE 6. Front close-up of machine in flying trim immediately 

prior to the tethered test flight on 6th January 1913. The pilot, 

J, Pollock Brown, Esq., can be seen at the controls and the 

tethering ropes on the forward skid castings, the engine installa- 
tion, radiator, drive and controls can also be seen. 


10. Subsequent Experiments on Struts 

For several months investigations had been made to 
find a better type of strut than that made of aluminium 
tubing. One type was of square section and constructed 
of two-ply wood and nicknamed “ Woply.” One such 
strut 10 ft. 6 in. long and 34 in. x 34 in. tapering to 
|} in. x 12 in. at each end, withstood a compression 
load of 3,000 Ib. Another type of composite strut was 
constructed of paper, wood and cloth, and was of cir- 
cular section. A strut made in this way, 9 ft. long and 
34 in. diameter, tapering to 1{ in. at each end, withstood 
acompression load of 1,500 lb. This type of tube made 
the spider bracing wires on the individual struts 
unnecessary. 


ll. New Project 

In 1913, Mr. Pollock Brown made a rough sketch in 
which the skids and lower part of the frame were shown 
as being replaced by two long floats. It was the latter 
type of strut that was used in conjunction with floats for 
the projected machine. 

Within a year a new machine was completed. As 
far as the gearing, engine and propellers were concerned, 
it was unchanged, but all highly stressed members were 


' replaced by the new composite tubes, and the lighter 
| Stressed parts by heavier gauge aluminium tubes. The 
| otal structure weighed 1,508 Ib. 

Late in 1914 the machine was taxied out on to the 
water and made a successful hop of about 100 yds. at 10 


Front view of the last version which was fitted 
with floats. 


FIGURE 8. 


FicuRE 7. Front view of machine showing damage incurred 
during the tethered test flight reported on 6th January 1913. 


feet. The machine was then towed back to the slipway 
as the wind was rising. 

During the night the machine was completely 
wrecked in a gale. The 1914-18 War stopped all further 
investigation. 


12. Conclusion 

Compared with modern helicopters this early 
“stick and string” contraption seems a very unpractical 
proposition. It was a deliberate break away from the 
trend of contemporary aviation and although handi- 
capped by lack of knowledge, suitable materials and 
encouragement, a considerable degree of success was 
attained. 

It is unknown whether the results of these experi- 
ments contributed to anything more than broadening 
the experience of the men concerned. It is not known 
if Mr. Mumford continued with aeronautical research, 
but Mr. Pollock Brown eventually became a Senior 
Technician at the R.A.E., Farnborough. 

The author thinks that Mr. Mumford was writing on 
behalf of all aeronautical engineers of the time when 
he wrote—“I think that we are on the eve of important 
discoveries with regard to the true action of screw pro- 
pellers and all this investigation, tabulation and com- 
parison will be very fruitful.” 


ACKNOWLEDGMENTS 

Rather than an acknowledgment, this is more of a 
dedication to Mr. Pollock Brown who died on the 13th 
of February 1953. He was intimately connected with 
Aviation for nearly 50 of his 78 years. This paper is 
composed from information gleaned from a_ large 
number of his private papers and letters. 


FicureE 9. Rear view of last version showing floats. 
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The Busk Studentship in Aeronautics 


DWARD TESHMAKER BUSK was born in 1886 

and was educated at Harrow and King’s College, 
Cambridge. At Cambridge, after three years’ study 
as an undergraduate, he obtained a first-class in the 
Mechanical Sciences Tripos; he remained for a fourth 
year as a research student in the Engineering Depart- 
ment and was subsequently awarded the John Winbolt 
Prize for an essay on fetrol engines. 

While at Cambridge, Busk, as a sideline to his 
regular work, became very interested in the subject of 
aeronautics, his interest being greatly stimulated by 
reading F. W. Lanchester’s books, “ Aerodynamics ” 
and “Aerodonetics”, which, at that time, had only 
recently been published. He was particularly interested 
in the latter book, which dealt with the stability and 
control of aircraft and with those features of design 
which might be expected to produce inherent stability. 

After spending two years (1909-1911) as a student 
in the workshops of an engineering firm, Busk, in the 
following year, learned to fly; he was also engaged at 
his home on experiments which included the study of 
the stability of small model gliders. 

In 1912 he joined the Royal Aircraft Factory (now 
the Royal Aircraft Establishment) as Head of a 
department which covered what would now be regarded 
as a very wide range of aeronautical research. Here, 
among other things, he completed his flying training, 
became a skilled pilot and flew many experimental 
aircraft; for he was always a strong advocate of the 
view that any subject which has a bearing on the 
handling of an aircraft in flight can best be studied by 
those who can test their ideas by piloting in person 
the aircraft to which the ideas are applied. 

During this period Busk maintained his intense 
interest in the problem of aircraft stability and control. 
and by 1913 he succeeded in designing into an aircraft 
known as the R.E.l, new features which made it 
inherently stable both longitudinally and laterally. He 
repeatedly demonstrated its stability by personally 
taking up as passengers many distinguished people who, 
though not themselves pilots, were able, by using the 
rudder alone, to direct the aircraft on any desired course 
and hold it on that course indefinitely without touching 
the other controls. 

On the 5th November, 1914, Busk was killed when 
the aircraft in which he was flying caught fire. A 
short memoir published after his death quotes many 
letters from distinguished people; the letters make it 
abundantly clear that not only was he a man of 
remarkable scientific insight and ability, but also that 
his character and disposition were such as to inspire 
respect, admiration, and indeed affection in his friends 
and colleagues. 

In his brief career he had already’ contributed 
considerably to the science and practice of aeronautics, 
and all those who knew him well believed that, had 
he lived longer, he would undoubtedly have profoundly 
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influenced the development of aviation. He was 
posthumously awarded the Gold Medal of the Aero- 
nautical Society of Great Britain (now the Royal 
Aeronautical Society) in recognition of his achievements. 


THE STUDENTSHIP 
The family of Edward Busk decided to perpetuate 


his memory by the creation of a Trust Fund, the j 
interest from which should be applied to a studentship | 


bearing his name; the expressed purpose of this student- 
ship was to enable young men, who might not other- 
wise be able to do so, to engage in aeronautical 
research in the early stages of their careers. When the 
Fund was launched, contributions were received from 
many distinguished persons. 

The Studentship was first awarded in 1924. 

For many years the Trustees of the Fund were 
members of Edward Busk’s family. They took an 
active interest in the Fund and in the students who 
were benefiting from it. The choice of student was 
placed in the hands of a small panel of electors;*and 
since Busk himself had been a Cambridge student, It 
was laid down that, other things being equal, preference 
should be given to a student intending to work at Cam- 
bridge. As a result, the administrative work connected 
with the election of a student has been largely done by 
Sir Melvill Jones at Cambridge. although, in fact, the 
Studentship has been held at a large number of 
universities. 


THE 
distin 
inten 
that < 


Yea 


1924. 
1925- 


1926. 


1928. 


1929, 
1930. 


1932 
1933 


1936, 
1938, 


1939. 
1946, 


1948 
1949 
1950. 
195]. 
1952 


= 
RECE 
D 
Gad: 
the B 
the 
had 
corpo 
Socie 
Profe 
\ has v 
= 
= 
» 
| 
A : 
560 


was 
Aero- 
Royal 
rents. 


tuate 
the } 
tship | 
dent- 


ther- 


tical 
n the { 
from | 


RECENT DEVELOPMENTS 


During the Second World War no appointments to 
the Busk Studentship were made, and immediately after 
the War, the Trustees indicated that they felt the time 
had come for the Trust Funds to be transferred to a 
corporate body for administration. Accordingly, on 
(9th April 1951 a meeting was held in the offices of the 
Royal Aeronautical Society, those present being Mr. 
Henry Busk and Mrs. Dora Morse (brother and sister 
of E. T. Busk and Trustees of the Fund); Mr. L. Morse: 
Major G. P. Bulman and Mr. L. A. Wingfield (President 
and Hon. Solicitor respectively, representing the 
Society); Sir Melvill Jones, Professor A. A. Hall, and 
Professor A. R. Collar (the panel of electors). As a 
result of this meeting, the Royal Aeronautical Society 
has undertaken the administration of the Trust Fund, 
and elections to the Studentship are now made by the 
Society's Scholarship Committee, which includes one 
member of the last panel of electors. 


THE FUTURE 


The holders of the Studentship form a remarkably 
distinguished group, and it is abundantly clear that the 
intention of those who created the Trust Fund—namely, 
that an opportunity should be afforded to post-graduate 


students to engage in aeronautical research, as Edward 
Busk had done—has been very fully justified. 
It is without question highly desirable that the 


tradition already forged should continue. There has, 
however, already developed in these post-war years one 
important difference. The interest from the Trust Fund 
yields an income of approximately £165 per annum. 
Formerly, this made the Studentship financially attrac- 
tive, and candidates of the highest calibre resulted. In 
post-war years, however, the very considerable increase 
in the cost of living means that the Busk Studentship 
is now worth less than many awards available from 
public funds, and indeed, the grant has usually to be 
supplemented from other sources. The holder of the 
Studentship is thus no better off than any other 
research worker in a university in receipt of, say, a 
D.S.I.R. Grant or a Graduate Scholarship, and applica- 
tions for the Studentship rest rather on the distinction 
attaching to the name than on the financial advantage 
which accrues. 

The Council of the Royal Aeronautical Society is 
actively considering the future of the Busk Studentship 
in the light of these facts, and has appointed a special 
committee to discuss the ways in which the Busk 
Studentship, and the other studentships administered by 
the Society, may be kept in the forefront of post- 
graduate research awards.—A.R.C. 


HOLDERS OF THE STUDENTSHIP 


Present Position 


Chief Aerodynamicist, Saunders-Roe Ltd. 

Head of Technical Services in the British Joint 
Services Mission, Washington. 

Deputy Chief Scientific Officer and Head of 
Structures Department, Royal Aircraft Establish- 
ment, Farnborough. 

Chief of Division “ B” Defence Research Board, 
Canada, and Scientific Adviser to Chief of the Air 
Staff, R.C.A.F. 

Director and Chief Engineer, Engine Division, 
Bristol Aeroplane Co. Ltd. 

Senior Principal Scientific Officer and Head of 
Armament Development Division, R.A.E., Farn- 
borough. 

Zaharoff Professor of Aviation, Imperial College, 
London University. 

Professor of Applied Mathematics, University of 
Bristol. 


Superintendent I, Projects and Development 
Division, R.A.E., R.P.D., Westcott. 


Senior Lecturer in Aeronautics at Northampton 
Polytechnic. 
Scientific Officer, A.R.E., Fort Halstead. 


Research Fellow, College of Aeronautics. 


Year Name Where Held 
1924-25 J. C. STEVENSON University of Glasgow 
1925-26 S. SCOTT HALL Imperial College, 
London University 
1926-28 P. B. WALKER Cambridge University 
1928-29 J. J. GREEN Royal College of 
Science, London 
1929-30 S. G. HOOKER Imperial College, 
London University 
1930-32 R. H. FRANCIS University College of 
North Wales 
1932-33 H. B. SQUIRE Balliol College, 
Oxford University 
1933-36 L. HOWARTH Cambridge University 
1936-38 J. W. E. CLARKE Cambridge University 
1938-39 G. O. JONES Cambridge University 
1939.46 No Appointments 
1946-48 R. P. BOSWELL Imperial College, 
London University 
1948-49 A. J. CABLE University of Bristol 
1949.50 No Appointment 
1950-51 R. WESTLEY College of Aeronautics 
1951-52 No Appointment 
1952-54 B. D. HENSHALL University of Bristol 
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British European Airways 

An overall view of the Garden Party in the Central Area of 

London Airport taken from the Bristol 171 of British European 

Airways. The Viscount, Super Constellation, Ambassador and 

Stratocruiser can be seen on the runway and the two large 

marquees, one near the Ambassador and the other near the 
Stratocruiser, which housed the Nash Collection. 


ROBABLY the less said about the weather on 
13th June 1954—when the Society held its Fifteenth 
Garden Party—the better, a comment which might well 
be applied to this “summer” as a whole, at least up to 
the middle of July. The scene of the Garden Party this 
year was London Airport, which incorporates what was 
once the Great West Aerodrome of the Fairey Aviation 
Co. Ltd., where the Society held its Garden Parties from 
1935 to 1939—usually in perfect weather which made 
this year’s even more disappointing. Nevertheless the 
fact that some 3,000 Members and their guests were 
present indicates that it takes more than weather to 
damp the enthusiasm and interest of members. 

There was no flying programme this year, apart from 
the arrival and departure of airliners on scheduled 
services, of which there were more than 40 during the 
afternoon, and a brief flight by a helicopter of B.E.A., 
but programmes were numbered and holders of the 
lucky numbers in the draw made by Sir Sydney and 
Lady Camm, won a flight in a Viscount of British 
European Airways towards the end of the afternoon. 

The main attraction this year was the Nash Collec- 
tion of Veteran Aircraft acquired by the Society in 
November 1953 and exhibited publicly for the first time. 
Seven of the nine aircraft in the Collection were housed 
in two large marquees and were a source of much 
interest to members and their guests. 


3 


The 1954 
GARDEN 


In addition, through the courtesy of the airline 
companies, four airliners were available for inspection 
—an Airspeed Elizabethan (Ambassador) and Vickers 
Viscount of British European Airways, a Boeing Strato- 
cruiser of British Overseas Airways, and a Lockheed 
Super Constellation of Trans-Canada Air Lines. B.E.A. 
also had a Bristol 171 helicopter on display. 


Throughout the afternoon an informative and lively 
commentary was broadcast by members of the Airport 
Staff on the airliners arriving and departing, the working 
of the Airport and G.C.A. talk-downs. A programme 
of music was provided by the Fairey Aviation Works 
Band, and two coaches, with guides, made conducted 
tours of the Airport. 


During the early part of the afternoon members and 
their guests were received by the President, Sir Sydney 
Camm, C.B.E., and Lady Camm. 


The President and Council of the Society wish to 
express their deep appreciation to the Ministry of Trans- 
port and Civil Aviation and to the Airport Commandant, 
Sir John D’Albiac, for making the special enclosure in 
the Central Area of London Airport available for the 
Garden Party. 


The Council is particularly indebted to Sir John 
D’Albiac and to the Aerodrome Management and their 
Staff for their courteous and practical help with the 
organisation and arrangements at the Airport, not only 
during the preceding weeks, but on the day of the Garden 
Party. Everything that could be done beforehand to 
make the Garden Party a success and to minimise the 
effects of rain and mud on the day itself was done. 
The Council and Staff of the Society appreciated greatly, 
and pay special tribute to, the whole-hearted help and 
interest received from the Aerodrome Management 
under the able leadership of Mr. Roger Pugh, O.B.E., 
Aerodrome Manager, and his Deputy, Mr. Leslie Green, 
M.B.E., and their Staff. 


The Council is greatly indebted to the British 
European Airways Corporation, the British Overseas 
Airways Corporation and Trans-Canada Air Lines Ltd. 
for making the Ambassador, the Viscount and the 
Bristol 171, the Stratocruiser and the Super Constella- 
tion available for inspection. 


In addition the Council wishes to thank Captain 
A. G. Lamplugh, F.R.Ae.S., and the British Aviation 
Insurance Co. Ltd.; also, Dr. A. Buchanan Barbour, 
F.R.Ae.S., Chief Medical Officer, B.E.A. (for supplying 
the B.E.A. Mobile Medical Unit); and the London 
Transport Executive for the special transport arrange 
ments. 
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PARTY 


The efficiency of the Automobile Association and 
of Auto-Parks, as well as of the Airport Police, in traffic 
and car-parking arrangements was much appreciated. 


The Council also appreciates greatly the assistance 
of students and past students of the de Havilland 
Technical School and of R.A.F. Apprentices from 
Halton at the Garden Party. 

The co-operation of the Antone Co. Ltd., in 
providing the loudspeaker equipment and of Tubular 
Construction Systems Ltd., who supplied the tubular 
fences enclosing the Garden Party area, is gratefully 
acknowledged. 

To those individuals, organisations and firms named 
in these acknowledgments and to everyone connected 
with the many detailed arrangements involved in the 
organisation of the Garden Party, the Council and Staff 
of the Society are sincerely grateful. 

The Society also wishes to thank Vickers-Armstrongs 
Ltd., Weybridge, who reconstructed the aircraft from 
the Nash Collection on behalf of the Society. The work 
was done under the general direction of Mr. Knott, fore- 
man of Viscount Servicing at Weybridge, who served in 
the R.F.C. during the 1914-18 War. 


The Nash Collection of Veteran Aircraft 


Seven of the nine aeroplanes of the Nash Collection 
were shown. In the Programme an appeal was made 
for any additional details of the history of the aircraft 
in the Collection. In response to this request the Secre- 
tary received a few days after the Garden Party a most 
interesting letter from Mr. Grenville Manton, Press 


“Why, this is very midsummer 
madness.” 
—Twelfth Night, Shakespeare. 


Although there are 85 miles of 
stormwater drainage ducts at Lon- 
don Airport, the unusually heavy 
rainfall during the first two weeks 
of June—and downpours on the 
morning of the Garden Party— 
Were too much for the ground in 
Some places. Valiant efforts were 
made by the Airport staff to reduce 
the worst of the puddles before 
the Garden Party began but it was 
certainly a day for gumboots and 
goloshes. 
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The Aeroplane 

The President, Sir Sydney Camm, C.B.E., F.R.Ae.S., and 

Lady Camm receiving guests in the President’s tent. Sir 

Thomas White, High Commissioner for Australia, can be seen 
in the background. 


Officer, British European Airways, which fills in the first 
chapter in the history of the Sopwith Camel. Mr. 
Manton was also able to add a little to the information 
on the Caudron G.III. 


In the comparatively short time that the Society has 
owned the Collection it has been impossible to trace the 
histories of each aeroplane and naturally, the Society 
is anxious to do so as fully as possible; it is earnestly 
requested that anyone who can supply any information 
will inform the Secretary. 


Dai!y Mail 


nt 
‘tee 
2 
| 
| 
| | 


The following is the information supplied by Mr. 
R. G. J. Nash on the seven types shown at the Garden 
Party and which was published in the Programme. Mr. 
Manton’s letter is also given and further information on 
the Caudron : — 


BLERIOT TYPE XXVII. No. 433. 1911. 
50 h.p. Gnome Engine. 


This aeroplane was produced for the Gordon Bennett Cup 
race in the U.S.A. in 1912 and was first flown at Hardelot, 
France, by Monsieur Alfred Leblanc, Bleriot’s test pilot. Later 
it was flown by him in America and also by the American pilot 
John Moisant. It is powered by a 50 h.p. Gnome motor and 
had a top speed of 78 m.p.h. and later, with a twin-row Gnome 
motor, achieved a speed of nearly 120 m.p.h. This aeroplane 
was found at Le Havre, where it had remained in a packing 
case, from the first week in August 1914 throughout the 1914-18 
War. On arrival at Weybridge the oil tank was found to be half 
full of oil, presumably put in in America in 1914. It was com- 
pletely overhauled in 1937-38 and, on test with a suitable 
propeller, took off in 30 ft. 

Span 29 ft.6 in. Length 21 ft. 3} in. Speed 78 m.p.h. 


CAUDRON G.III. 1912. 90 h.p. Anzani Engine. 


Built in France, this is a two-seat biplane with a 90 h.p. 
Anzani motor. It was found in Belgium and was flown under 
its own power from Brussels to Brooklands in 1936. Before the 
1939-45 War it took part in the R.A.F. Display. Machines of 
this type were used for training during the 1914-18 War. 

Span (top wing) 46 ft. Length 26 ft. 3 in. Speed 56 m.p.h. 


MAURICE FARMAN. 1913. 130 h.p. Renault Engine. 


This pusher biplane was once the personal property of 
Maurice Farman and was kept at the Farman aerodrome at Buc. 
The prototype F.40, it was powered with a 12-cylinder 130 h.p. 
Renault motor. A modified version, with an 80 h.p. Renault 
motor, became known as the “* Horace Farman ”—a combina- 
tion of the names of the Brothers Farman, Henri and Maurice, 
who each produced their own designs. 

This aeroplane was acquired by Mr. Nash in 1936. Accord- 
ing to information supplied to him at the time, it had made four 
flights between Paris and Hendon before the 1914-18 War and 
up to that time had a total of about 1,040 hours flying. It took 
part in aerial Fetes in France about 1930-31 and after its 
assembly in England in 1936 it was flown at Brooklands, at 
Hendon Air Displays and at the Parliamentary Air Display 
at Northolt in 1938. Its flying time between Brooklands and 
Hendon was about 30 min. The original colour of the nacelle, 
upper surface of the wings, the bands around the struts, and so 
on, was dark blue. 

Span (top wing) 58 ft. 24in. Length 30 ft. 54 in. Speed 
72 m.p.h. 


AVRO 504K (Military) Type. 1914. 
140 h.p. Clerget Engine. 


There are two Avro 504 Ks in the Collection, a civil version 
with a 80 h.p. Le Rhone motor and a military version with a 
140 h.p. Clerget. For the greater part of its life the civil version 
in the Collection was used for instruction and 5s. “ joy rides,” 
particularly around Sussex. It was stored at a small farm for 
more than 20 years before it was rescued by Mr. Nash. (This 
aeroplane was not shown.) 

The military version of the Avro 504K was flown from 
Scotland to join the Collection before the 1939-45 War. It was 
completely overhauled in 1950 and was flown at the R.A.F. 
Display that same year, more or less as a Command perform- 
ance as H.M. King George VI, who attended the Display, had 
learned to fly on a similar 504K. The 504 was used success- 
fully during the early months of the 1914-18 War as a bomber 
but was mainly used as a trainer, not only by the R.A.F. but by 
many of the air forces of the world. It was considered one of 
the safest aeroplanes ever built and after the 1914-18 War 
dozens of them were used for “ joy riding,” giving thousands of 
people their first flight. 

Span 36 ft. Length 29 ft. 6 in. Speed 95 m.p.h. 


SOPWITH CAMEL. 1917. 140 h.p. Clerget Engine. 


This aeroplane was found in poor condition in Essex. It was 
renovated and fitted with the correct tanks and machine guns. 
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The motor is a 140 h.p. Clerget (one of the standard engines 
for this type). During its inspection after it was acquired by 
Mr. Nash the markings of the Fourth Lafayette Escadrille were 
found on the fuselage, together with various other, smaller 
markings on the fin and rudder which were incomplete and haye 
not yet been identified. 

The Sopwith Camel, although considered difficult to fly until 
pilots knew how to handle it, was a famous single-seat Scout 
of the 1914-18 War which was outstanding for its performance 
and manoeuvrability. It was used by both the R.F.C. and 
R.N.A.S. and was the first aeroplane to be fitted with twin 
synchronised guns. 

Span 28 ft. Length 18 ft. 9 in. Speed at 10,000 ft. 113 mph. 


FOKKER D. VII. 1917-18. 180 h.p. Mercedes Engine, 


This is believed to be the only remaining original D. VII in 
Europe. According to information given to Mr. Nash by the 
German Air Ministry in 1938 it was flown by Jagdstaffel 71 and 
the Richthofen Group. It was built in January 1918 and was 
left by the Germans near Ostend during the 1918 Retreat. It 
was found near Versailles and joined the collection at Wey- 
bridge in May 1938. An 1899 one Pfennig coin, with a large 
dent in it, was found stuck to the bottom of the “ joy stick.” 
The Fokker D. VII has a 180 Mercedes engine and the Rich- 
thofen period finish. The skull and crossbones markings were 
carried by members of Jagdstaffel 71 on their fuselages. 

The D. VII was considered one of the best single-seat fighters 
in the German Air Service at the end of the 1914-18 War, 
Richthofen was one of the best-known German pilots of the 
1914-18 War. 

Span 29 ft. 34 in. Length 22 ft. 114 in. Speed at 3,000 ft. 
116 m.p.h. 


S.E.5A. 1918. 200 h.p. Wolseley Viper Engine. 


Considered the most successful type produced by the Royal 
Aircraft Factory, this single-seat “Scout Experimental” was 
probably used for more aerial combats during the 1914-18 War 
than any other type. It went into production in 1917 and some 
20 Squadrons of the R.F.C. and R.A.F. were equipped with it 
and it was flown by some of the best British fighter pilots, 
including McCudden and Mannock. Although it was not 80 
manoeuvrable as the Camel, it had a higher top speed. Arma- 
ment consisted of a fixed Vickers gun in the fuselage and a 
Lewis gun mounted above the top wing. After the 1914-18 War 
S.E.5As were used for sky-writing with smoke and pioneered 
sky-writing methods. 

This particular aeroplane has been shown at many exhibi- 
tions since it joined the Collection and in 1938 was shown on 
the R.A.F, stand at the Royal Tournament beside one of the 
first Supermarine Spitfires. The number on the fuselage was put 
on by the R.A.F. in 1950 for the R.A.F. Display. 

Span 26 ft. 8 in. Length 20 ft. 11 in. Speed 132 m.p.h. 


FROM MR. GRENVILLE MANTON:— 


“T write to enlighten the Society about the Sopwith 
Camel which it has purchased with the Nash Collec- | 


tion. 


“ This aircraft was once my property. I bought it 
from the Aircraft Disposal Company at Waddon in 
the early "Twenties (without its engine—Ed.). It was 
made by Boulton & Paul of Norwich and the log book 
showed that it had undergone a certain amount of test 
flying. My idea was to fit it with a radial engine s0 
that it could be converted into a docile little machine 
for my own use. The only one I could acquire was 
a 40-45 h.p. six-cylinder Anzani. This engine had 
been used, I believe, in a little A.N.E.C. biplane by 
Mr. Warwick who lost his life while flying this 
machine in the King’s Cup Race. I designed and 
made an engine mounting which extended from the 
backplate of the Camel’s rotary engine mounting and 
eventually the aircraft was rigged and ready to fly. In 
rigging it I was assisted by the Hawker Aircraft Com- 
pany, who supplied me with blueprints so that I got 
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> Rich- | The nose of the Sopwith Camel (left) (140 h.p. Clerget engine) 


2S were and part of the S.E.5A (200 h.p. Wolseley Viper engine). 


V anderbeek 
The Maurice Farman of 1913 (130 h.p. Renault engine) once 
= the personal property of M. Maurice Farman. 


The Aeroplane 

The Caudron G.III of 1912 (90 h.p. Anzani engine) with the 

Avro 504K of 1914 (140 h.p. Clerget engine) in the back- 

ground. It is now known that the Caudron was flown to this 
country from Belgium by Mr. Ken Waller. 


Flight 
A rear view of the Camel. Since the Garden Party another 
).h, chapter of the history of this aeroplane has been contributed 
by Mr. Grenville Manton, one of its former owners. 


ollec- | 


Flight 


In the centre, the Bleriot Type XXVII of 1911 (50 h.p. Gnome 
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the correct dihedral on the bottom planes and was able 
to complete the assembly in the right way. 

“Eventually I tried the Camel, flying some 
‘straights’ with it in a large field and at a low height. 
A friend of mine, Captain L. van Oppen, later of Hill- 
man Airways (and British Airways—Ed.) also flew it. 
It was much underpowered, we found, and the rudder 
area was inadequate. I sold it to someone who towed 
it all the way from Tring, Hertfordshire, to North 
Wales behind a small Fiat car, with interplane struts, 
Rafwires and wings lashed to the top of the fuselage. 
What happened to the Camel after that, I do not 
know.” 


According to Mr. Manton he had suspected that the 
Camel in the Nash Collection might be his, but not 
until it was on display for the Garden Party did he have 
a good chance to look at it and then he recognised the 
holes he had made for the engine mountings! Mr. 
Manton suggests that the Lafayette Escadrille markings 
were applied by one of the Camel’s owners for display 
purposes. 

We devoutly hope that the next stage in this fascinat- 
ing serial—* What the Camel did in Wales” or, “ How 
it got from Wales to Essex ”°—where it was eventually 
found—can be supplied by someone, and that the 
memories of others will be revived to piece together 
more information on all the historic aeroplanes in the 
Nash Collection. 


THE CAUDRON G.III—or 3 


The following information has been received from 
Mr. H. J. Cooper, Editor of the Royal Aero Club 
Gazette, who is compiling a history of Brooklands: — 


“ About the Caudron G.3: in The Aeroplane of 
27th May 1936 there is the following paragraph about 
Empire Air Day: 

“* Brooklands did a startling fly-past by a 1915 
Caudron directed in the rolling plane by Capt. Duncan 


Davis, in the looping plane by Ken Waller, and in the 
yawing plane by Providence. It was brought over by 
Kenneth Waller on 20th May from Brussels, in a tail. 
wind, to Lympne.’ 

“In the same issue under Club Notes there is: 


“* Brooklands—Epic flight by Ken Waller in 1913 
(sic) Caudron G.3 from Brussel to Lympne, escorted 
by Max Findley in Moth. With gale behind him did 
journey quickly, but when attempted arrival at full 
throttle into wind was still going backwards. Journey 
to Brooklands took 4 hr. 20 min..’ 

“The Caudron was flown at the official opening of 
Shoreham on 13th June 1936, reported in The Aero- 
plane of 17th June: 

“* Equally arresting to the knowledgeable was the 
flying of Mr. Kenneth Waller in his pre-war Caudron 
biplane with alleged 80 h.p. Anzani engine—which 
some old-timers insisted was 100 h.p. Almost every 
component is genuinely antique, and although some 
of the 80 horses have died in the past 20 years the 
take-off and climb caused vocal admiration, as did 
Mr. Waller’s courage.’ 


“In Flight of 28th May 1936 Waller tells the story 
of the Brussels-Brooklands flight in the Caudron, the 
Belgian registration of which was 00-ELA. It is there 
described as of 1912 vintage. 

“T hope this information will be of use.” 


In Flight 28th May 1936 Mr. Waller said that he had 
first seen the “1912 Caudron G.3 (90 h.p. ten-cylinder 
Anzani radial) flown by the owner, M. J. E. Ledure, at 
the International Rally at Le Zonte.” Mr. Waller tried 
unsuccessfully to buy the machine then, but early in 
1936 M. Ledure offered to let him fly it to England to 
show his friends and in May 1936 Mr. Waller flew it 
from Bussels to Brooklands, by way of Ostend and 
Lympne. The flight from Brussels to Ostend took about 
15 min.; from Ostend to Lympne, | hr. 40 min.; and 
from Lympne to Brooklands, | hr. 35 min. 
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TECHNICAL NOTES 


Contributions to this Section of the JoURNAL will be eligible for Journal Premium Awards and 
will normally be published within two months of being received. 


The Pressure Rise with Subsonic Mach Number on Fuselages and Nacelles 


By 


D. E. HARTLEY, B.A. 
(formerly Royal Aircraft Establishment, now with Heat Exchangers Ltd.) 


N TREATING the compressible subsonic flow can be found for ellipsoids of revolution leads to what 
by the Prandtl-Glauert method as extended by is sometimes called Gothert’s rule, 
Gothert '’, the velocity increment in the direction of 
the main stream is found to be 1//? times the corre- ae ee 
sponding velocity increment v, on the analogous body vy 1 — log. 2h 
in incompressible flow; the analogous body being ke (3) 
obtained by reducing the lateral dimensions of the real ” ~ D\? \ 
body in the ratio 6 : 1. or a 2 + eS log. B 
ie, (see, e.g., C. W. Matthews”), which is obtained from 
. z the assumption that the diameter D of the body is very 

where = /(1—M,”) and M, is the free stream Mach small compared with its length L, D/L<0-1 say. If 
number. If the relation between the velocity increment applied to shorter bodies, the relation (3) gives quite 
in incompressible flow and the fineness ratio L/D can inaccurate values at low Mach numbers, and _ the 


influence of the fineness ratio on the velocity rise with 


be expressed as a power law, 
Mach number is thus slightly exaggerated (see Fig. 1). 


bi =c(? Equations (3) are equivalent to the more general 
L relation of K. Oswatitsch™, 
Va D 1 d?A (x) 
a  _gr-2 | Q) where the cross-sectional area A (x) is used. 
V,, Vv, ‘ ‘ The problem can be simplified by using the 
ee ; numerical results from the various exact solutions for 
For instance, two-dimensional bodies give a linear incompressible flow, which are available, and it has been 
increase of the velocity increment with the thickness / shown by Kiichemann”, that the relation 
chord ratio, to a first approximation, so that n=1 and 
v=v,\/8; this is the well-known Prandtl-Glauert rule. 4 
For bodies of revolution, the velocity increment follows i | | : 
a quadratic law (i.e. n=2) if the body is represented by | | ‘ 
a source distribution on the axis and if the velocity | ¢ 
increment is also calculated on the axis. In that case | ; i 
v=v,; Le. the velocity is not affected by compressibility. | / 
However, this approximation does not adequately repre- bi 1 | / 
sent the velocity distribution even in incompressible and ul 
flow. If the velocity is calculated over the surface of “4 p 
the body the value of n generally lies between | and 2, 1 loge ; 
leading to a velocity rise with Mach number, but less loge 2 | a 
steep than on two-dimensional bodies. NK fe 
There is a large number of papers (see, ¢.g,. 12 a 
Refs. 2-9), where the velocity increments have been Poa Ze 
calculated on the surface of ellipsoids and other bodies eee | 
of revolution in compressible flow. The resulting 
formulae are complicated, and the simplest relation that +o a 
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FOR M,| = 090 Me > V, L 
coun led is a good approximation for ellipsoids of revolution up 
080; to fineness ratios of about 1/3. Thus n=3/2 and cop. 
sequently, from equation (2) 
v | Vj; 1 Vi 
V,, VC M, ) 
| If we accept the usual linearised relation 
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FiGure 2. Pressure distribution on ellipsoid (top) and 
waisted body (below). 
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FiGureE 3. Pressure rise measured on waisted body. 


It appears that this rule can be applied with 
sufficient accuracy to most bodies of practical interest, 
such as fuselages and nacelles, as will be shown. 

Figure | shows the pressure rise with Mach number 
as measured at different chordwise positions on ellip. 
soids of revolution of fineness ratio between 1/6 and 
1/10, mainly from Ref. 7 and from unpublished tests 
at R.A.E. It will be seen that the experimental values 
are well represented by equation (8) and _ that the 
pressure rise is much flatter than that given by 
the Prandtl-Glauert rule. 

Figure 2 shows that equation (8) can be used also 
for calculating the pressure distribution along the sur 
face. Care must be taken to calculate the pressure 
distribution in incompressible flow correctly; for 
instance by replacing the body by a source distribution 
on the axis, the strength, g(x) of which is equal to the 
change of the cross-sectional area, dA (x)/dx; and by 
calculating the velocity on the surface of the body. The 
example in the upper part of Fig. 2 indicates, as is to be 
expected, that equation (8) fails when the critical Mach 
number is exceeded and local supersonic regions occur. 
The typical change in the pressure distribution is shown; 
it will lead to a corresponding drag rise, mainly due to 
the increase of pressure over the nose part of the body. 


The example in the lower part of Fig. 2 refers to | 
tests on a body that was not a body of revolution. It 


consisted of a half-ellipsoid of revolution of fineness 
ratio 1/7 in the front, followed by a middle part which 
is straight on top but waisted in at the sides, the greatest 
reduction of diameter being down to 2/3 of the maxi- 
mum diameter; the waisted middle part had a length 
of 2} maximum diameters. The tailpiece extended for 
one diameter in which the thickness decreased smoothly 
to } the maximum diameter where it faired into a sting. 
The lower diagram in Fig. 2 shows the measured and 
calculated pressure distributions along the top line of 
the body. The incompressible calculation was made 
assuming a source line along the body axis whose 
strength varied in accordance with the cross-sectional 
area of the body and the velocity determined at the body 
surface. This type of pressure distribution is quite 
different from that on the ellipsoid (upper diagram, 
Fig. 2) but in spite of this the fourth-root rule is seen 
to apply sufficiently closely. Comparison with the 1/8 
rule at M=0-90 brings this out very clearly. 
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TECHNICAL NOTES—D. 


A large number of measurements were also made 
in the waisted part of the body at various streamwise 
positions and specimens (chosen to cover regions of 
both large and small curvature changes) are plotted 
logarithmically in Fig. 3. The two power laws are 
represented in the figures by the straight lines inclined 
at gradients | in | (square-root law) and 1 in 2 (fourth- 
root law). It can be seen that the measured points agree 
closely with the fourth-root law up to Mach numbers 
where the flow becomes locally supersonic. 

It may be concluded that for all shapes of fuselages 
and nacelles likely to be encountered in practice (includ- 
ing waisted bodies) equation (8) is sufficiently accurate. 
Assuming this rule for pressure rise with Mach number, 
the critical Mach number may be determined directly 
from the incompressible pressure coefficient. In Fig. 4 
the relationship between C,; and M,,i is plotted; when 
the body concerned is a true ellipsoid of revolution, 
M..i, may be read from Fig. 4 simply in terms of the 
fineness ratio. 

It may seem strange that the simple rule based on 
linearised theory agrees so well with experiment since, 
for aerofoils, it is necessary to make refinements to the 
ordinary Prandtl-Glauert rule. As has been shown in 
Ref. 11, a better approximation to compressibility 
effects may be obtained by considering the local Mach 
number instead of free stream Mach number in the 
simplified potential equation. This leads to a value of 


B?=1-M,? (1 -C,i) (9) 
in the present case, instead of the usual 
B?=1-M,”. 


This value of 8 would have to be used in equation (6). 
At the same time the rules should strictly be applied 
only to the velocity increments rather than the pressure 
coefficients, and the pressure coefficients then derived 
from the complete compressible-flow relations instead 
of from equation (7). 

These two corrections to the simple equations react 
in Opposite directions, added to which the velocity 
increments generally are smaller than those encountered 
on aerofoils. Thus £ as determined for equation (9) is 
never greatly different from the Prandtl-Glauert value, 
except at speeds close to the critical. 

As an illustration of these effects, a few examples 
of a pressure coefficient in compressible flow have been 
determined from the simple rule and also from calcula- 
tion including the two effects just mentioned. An ellip- 
soid of revolution of fineness ratio 1 : 6 has been taken 
at M,=0-9 and the results are presented in Table I. 

The difference between the simple rule and the better 
second approximation is not normally large enough to 
Warrant the more refined treatment. 
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TABLE I 
(2nd approx.) (1—M,”)! (1—M.?)! 
—0:0878 0:0439 0:0747 —0-°150 —0-133 —0-201 
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tion then shows that C, is equal to 1. At very low 
Reynolds numbers the inertia forces are negligible in 
comparison with the viscous forces, so that the pressure 


P must be independent of p. Simple dimensional 
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Viscous Effects on Pitot Tubes at Low Speeds the Pi 
forme: 
by at the 
F. A. MACMILLAN ese 
(Engineering Laboratory, Cambridge) | the pt 
EASUREMENTS were made of the pressure in a anaiysis then shows that C, must be directly propor. 
blunt-nosed pitot tube, in an air stream at tional to 1/R. (Stokes’ solution’ for the flow past a 
Reynolds numbers from about 15 to 1,000. The results sphere at very low Reynolds numbers gives C,=3/R at Tl 
are expressed in terms of a pressure coefficient the nose, where R is the Reynolds number based on the } direct 
C,=(P— p)/(4 pV’), where P is the pressure in the pitot radius of the sphere.) mano 
tube, » is the density of the fluid, and p and V are the For Reynolds numbers that are not too small, ° pape! 
static pressure and velocity in the undisturbed stream. Homann’ has shown by means of boundary-layer | estim 
As found in previous investigations, C, becomes greater theory that the pressure coefficient at the nose of a T 
than | at low Reynolds numbers, the increase being sphere is given by the f 
about 14 per cent. at a Reynolds number of 50 (based 6 devel 
on external tube radius). In disagreement with the C,=1+ =: > - (1) } meter 
work of Hurd, Chesky, and Shapiro''’, no decrease of R+0-455VR A pitot 
C, below | was found at any Reynolds number. The expression (1) is not valid at very low Reynolds ¢ tube, 
When the values of C, found by various experiments numbers, and it does not agree with Stokes’ solution } atmo 
are plotted against Reynolds numbers based on internal for R— 0. Hurd et. al. have suggested that Homann’s J same 
tube radius, it is found that the curves are in closer expression (1) is probably nearly correct when R is § centr 
agreement than when the external radius is used. greater than about 10. Assu 
The effect of viscosity on the pressure in a pitot tube {the r 
saad has been investigated experimentally by Miss Barker“, the s 
‘ by Homann”’, by Hurd, Chesky, and Shapiro'') and by henc 
In the course of some experiments on the behaviour Sherman“). Detailed comparisons of their experimental } the | 
of pitot tubes in shear flow it was found that the tube results will be considered later. the : 
Reynolds numbers, based on external radius, were lying hold 
in the range 100 to 3,000. A recent paper by Hurd, crenata eines wio 
Chesky, and Shapiro’? states that for Reynolds numbers 
between 60 and 1,000 (defined in the preceding sentence) Each pitot tube was mounted on the centre line of a se 
the pressure in the pitot tube is slightly /ess than in vertical pipe, near the entry, as shown in Fig. 1. Since ak 
inviscid flow. Since a correction of this kind would on ( 
have important effects on the shear-flow experiments, ‘ 
some further measurements were made to confirm or Y cali 
disprove the results obtained by Hurd, Chesky and sia 
Shapiro. 
It is convenient to express the pressure in the pitot = 
tube as a coefficient “i 
es 
C= hav 
pv?’ : static HOLE. the 
where P is the pressure in the pitot tube, p is the density N | ———— . 
of the fluid, and p and V are the static pressure and : Y | sla 
velocity in the undisturbed stream. In incompressible N fos 
flow the value of C, for a given shape of tube can Y of { 
depend only on the Reynolds number, defined here as . 
VA nos 
k= 3 N | Y, of | 
N 
where A is the external radius of the tube and » is the N | N WY 
kinematic viscosity of the fluid. : | > PITOT TUBE. 
If the Reynolds number is sufficiently large, the 
effects of viscosity are negligible and Bernoulli’s equa- N | 4 Pit 
N 
N 
N 
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Ficure |. Pipe entry and pitot tube. 
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only V, and not (P—P,), it has no significant effect 
on 

The reading of the flow-meter, together with the 
calibration, enabled the value of 4 pV* to be determined, 
where V is the velocity at the position of the pitot-tube 
nose in the absence of the tube. Since P—P, was 
measured directly, C, could be found from equation (2). 
Results were obtained from two different sizes of pipe, 
having internal diameters of 14 and 2 in. This increased 
the range of velocity obtainable from the same suction 
fan, and also confirmed that the “ blocking” of the pipe 


by the pitot tube had no significant effect on the results, 
since for a given Reynolds number the results obtained 
from the two sizes of pipe agreed. Separate calibrations 
of the flow-meter were made for the two sizes of pipe. 

The pitot tubes used in the experiments were flat- 
nosed and had a ratio of internal to external diameter 
of 0-60+0:006. Table I shows the diameters used. 


TABLE I 


External diameter Internal dia. 


Pitot-tube Number 


(in.) External dia. 
1 0-0119 0-605 
2 0-0239 0:594 
3 0:0292 0-603 
4 0:0544 0-603 
5 0:0907 0-599 


TECHNICAL NOTES—F. A. MACMILLAN S71 
the pitot tube was well outside the boundary layer TABLE II 
formed on the wall of the pipe, the quantity p+4pV° yee | eR pv 7 
at the position of the pitot tube was equal to the Pipedia.| tube (em. (cm. Cp-1 | R= — 
atmospheric pressure P,. Thus if P is the pressure in (inches) | No. | alcohol) | alcohol) 7 
ihe pitot tube, 2 1 0:0039 | 0-019 0-201 16-4 
0:0033 | 0-019 0-170 16°4 
(2) 0-0038 | 0-013 | 0-288 13-1 
pV* pV* 0:0031 | 0-028 0-113 18-9 
00036 | 0-037 | 0-097 22-2 
The small pressure difference P—P, was measured 1 0-0025 0-114 0-022 39-2 
directly with a sensitive, null-reading inclined-tube 1 0-0027 0-078 0-034 $2°5 
‘ 1 0:0036 0-059 0-061 28°4 
manometer, of the type considered in a_ previous 
, paper'”’. The probable error in this measurement was 1 0-0031 0-169 0-018 48-3 
estimated to be no more than 0-0005 cm. of alcohol. 1 0-0041 0-331 0-012 67:8 
The flow-meter, placed in the pipe downstream of | 
the pitot tube, was of the three-quarter radius type = 0-0017 0-438 0-004 1a60 
developed by Preston’). The relation between the flow- 3 0-0007 0-297 0-002 156-5 
meter reading and the velocity at the position of the 7. 00012 0-295 0-004 128-4 
| pitot tube was determined, in the absence of the pitot It 1 0-0044 1-727 0-003 154-2 
( tube, by measuring the pressure difference between the piscina par poe oa 
atmosphere and the static hole (Fig. 1). Essentially the 1 0-0024 0-044 0-055 35-3 
same calibration was obtained when a static tube at the _ 0-0030 0-166 0-018 47-2 
centre of the pipe was used instead of the static hole. 3 0:0006 1-082 0-0005 304°4 
Assuming that the static pressure was uniform across 
the pipe, this showed that for a given flow-meter reading 3 0 0-499 0 305-0 
the static pressure at the position of the pitoit tube, and 3 0 1-784 0 387-0 
hence the velocity, would not be appreciably affected by 4 0 1-695 0 705-0 
the blocking effect of even the largest pitot tube, since 4 0 | — 0 Presb 
the static tube had the same diameter as the pitot-tube : 
holder. The measurements showed that the error in 5 0-0006 | 1-030 0-0006 910-8 
velocity due to the blocking effect could not exceed 5 0 | 1630 0 1144-7 
about 14 per cent. even for the largest pitot tube in the 
smaller pipe. Since in equation (2) this error affects RESULTS 


The results are given in Table II and are plotted for 
comparison with previous results as curve E in Fig. 2. 
The point of greatest interest is that there is no indica- 
tion that C, becomes less than | at any Reynolds num- 
ber, whereas curve D, due to Hurd, Chesky and Shapiro, 
shows C, falling to about 0-992 between Reynolds 
numbers of about 100 and 400. There is no doubt that 
even if C, had only decreased to about 0-998, this would 
have been easily detected in the present experiments. 
As an example, consider the No. 3 pitot tube in the 2 in. 
pipe at a Reynolds number of 190. The value of 4 pV? 
is 0-438 cm. of alcohol, so that for C,=0-998 the value 
of P—P, would be about — 0-001 cm. of alcohol. This 
is at least twice the smallest change of pressure that 
could be detected. As a further example, consider the 
No. 3 pitot tube in the 14 in. pipe, at a Reynolds number 
of 705. In this case C,=0-998 would give P—P,= 
—0-003 cm. of alcohol, and this is at least 6 times the 
smallest change that could be detected. 

In representing the results of previous experiments 
in Fig. 2, only smooth curves drawn through the 
experimental points are shown; the original points are 
omitted for clarity. It should be remembered, however, 
that the scatter in the original results varies consider- 
ably; for example, Sherman’s results’ are much more 
scattered than those of Hurd er. al.) For curve D the 
correction for swirl suggested by the authors has been 
applied. 

Many of the differences between the curves in Fig. 2 
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FiGure 2. Experimental results compared with results from 


other sources. (Reynolds number based on external radius 
of the pitot tube.) 


are directly due to differences of nose shape. It appears 
that for a hemispherical nose (curves A and B) the value 
of C, at low Reynolds numbers is considerably greater 
than for a flat nose. Also, a comparison of curves B, 
E and C shows that at low Reynolds numbers C, 
decreases as the thickness of the pitot-tube “lip” is 
reduced. 


In Fig. 3 the results are re-plotted using as abscissa 
the Reynolds number R’=Va/¥, where a is the internal 
radius of the tube at the orifice. With this method of 
plotting, the differences between the curves are con- 
siderably reduced, showing that the viscous effects 
depend more on the internal radius than on the external 
one. 

In the paper by Miss Barker", it is not completely 
clear whether the diameter quoted is internal or external, 
but the wording of the paper suggests strongly that 
internal diameter was meant. This supposition is con- 
firmed by Fig. 3, which shows Miss Barker’s results 
lying close to the other curves, whereas if the diameter 
used by Miss Barker had been external her results, 
when plotted in Fig. 2 would have been mostly below 
the other curves. (In various published works where 
Miss Barker’s results are quoted, it is not made clear 
that the tube diameter is internal.) 

Figures 2 and 3 show that the results of Hurd ef. al. 
are the only ones showing C, decreasing below 1. The 
present experiments are designed to investigate this 
particular point, and it is believed that they have shown 
conclusively that C, does not decrease below 1. A 
possible explanation of the results obtained by Hurd 
et. al. is that the correction for swirl in the tank, which 
could only be determined for large Reynolds numbers, 
increased with reduction of Reynolds number. An effect 
of this kind might be expected, in view of the large 
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Ficure 3. Experimental results compared with results from 
other sources. (Reynolds number based on internal radius of 
the pitot tube.) 


distance to which the disturbing effect of a body is 
propagated at low Reynolds numbers. A further reason 
for suspecting the results of Hurd ef. al. is that the 
position of curve D in Fig. 2 does not agree with the 
general trend with varying lip thickness shown by the 
other curves. 
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Note on the Derivation of the Natural Modes and Frequencies 


of a Structure by the Method of Minimum Strain Energy 


N HIS LECTURE on “ Recent Developments in the 

Structural Approach to Aeroelastic Problems,”* Dr. 
Williams discusses the stress analysis and the determina- 
tion of natural modes and frequencies of aircraft 
structures by the method of stiffness coefficients. Dr. 
Williams rather implies that the minimum strain energy 
method, in which the stress distribution is expressed in 
terms of the applied loads and internal redundancies, 
is not to be recommended in the case of the highly 
redundant structures with which the stress analyst is 
confronted nowadays. It is at least arguable whether 
this is so, though it is not proposed to elaborate on this 
here, except to suggest that matrix methods, applied to 
the structural analysis of highly redundant structures 
by the method of minimum strain energy, can put an 
altogether different complexion on this problem. The 
purpose of this note is to show the connection between 
the minimum strain energy method and Dr. Williams’ 
method of stiffness coefficients. 


The strain energy of a structure may be expressed 
in terms of the applied forces, P,, P,, ... P,, and the 
internal redundancies, ¥,, ¥., ... The may be 
regarded simply ‘as numerical multipliers of a set of 
linearly independent, internally self-equilibrating, stress 
systems. The choice of these systems is to some extent 
arbitrary, but for a multi-cell wing structure—particu- 
larly if the structure tapers to a point, and all the ribs 
are parallel—a simple theory of  self-equilibrating 
systems may easily be developed. 

The strain energy U is a homogeneous quadratic 
function of the v’s and P’s, and may be expressed in 
matrix notation as 


U=[v.P] 


where is the column 


and dashes denote transposition from column to row. 
The sub-matrices A and C are square and symmetrical, 
the term P’CP which appears when (1) is expanded 
being the strain energy due to the applied forces taken 
through the structure in any convenient manner, with 
the U’s all zero. 


(1) 


From (1), we have a =2(Av + BP) 
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=2 +CP), 
where 0U /0v denotes the column of partial derivatives 
of U with respect to each v in turn, and 0U/0P is 
similarly defined. 

For minimum strain energy, 0U/ovU=0, while if y, 
is the deflection of the point of application of P, (in the 


and 


direction of P,.) and y denotes the column {y,, y.,... Yn}. 
then 0U/0P=y. 

Hence, Av+BP=0 
and By +CP=hy. 
Thus, v= -A-'BP (2) 
and 4y=(C - B’A~'B)P (3) 


Equation (2) determines the stress distribution for any 
given set of applied forces, and the computation of 
A~'B is as far as we need to go if we are only concerned 
with stress analysis. 


On the other hand, if the structure is vibrating freely 
in one of its natural modes, at a frequency »/(27), then 


d VE 
P,.= 
where m, is the mass associated with the point of 
application of P,. 


Equation (3) now gives 


2(C- B’A-'B) my, (4) 


m being the diagonal matrix [7]. 


The quantity 1/w* is therefore one of the latent 
roots of the matrix 2(C — B’A~'B)m, the corresponding 
modal column being proportional to y. Referring to 
equation (3), and comparing this with equations 
(5a) and (6a) of Dr. Williams’ lecture, we see that 
2(C - B’A~'B) is the flexibility matrix (b) of equation 
(6a), while its inverse is the stiffness matrix (a) of 
equation (5a). 

Since 2(C - B’A~'B) is a symmetrical matrix, it may 
be expressed as a product (LL’) of a lower triangular 
matrix L and its transpose. Then LL’m, which is not 
in general symmetrical, has the same latent roots as 
L~-\(LL’m) L, and the latter, being L’mL, is symmetri- 
cal. This process reduces the problem to that of find- 
ing the roots of a symmetrical matrix, which, as 
suggested by Mr. R. K. Livesley in the Discussion on 
Dr. Willams’ lecture, is somewhat easier to deal with. 
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Leakage Rates From Pressurised Aircraft at Altitude 


STAITE, M.A., A.F.R.Ae.S. 


(Sir W. G. Armstrong Whitworth Aircraft Limited) 


NE of the routine ground tests carried out on 

pressurised aircraft is the measurement of the leak- 

age rate and this is often expressed in the form of a 

time for the cabin excess pressure to fall from a given 

es value to half that value. The technician, however, is 

te usually concerned with the functioning of the pressur- 

ised cabin at high altitude and it is the purpose of this 

note to establish a means of forecasting the high altitude 

aN: performance from the sea level test. The first part of 

aan the note describes the basic theory and provides a 

; unique relationship connecting leakage times at any 

height with that pertaining to the sea level test. The 

latter part of the note gives an example of the use of 

this information in predicting the fall off of cabin pres- 

sure after pressurisation failure and with the aircraft 
descending. 


1. THEORY 
Notation 
a_ effective area of leakage hole 

ratio of time taken for the cabin pressure to 
fall by an amount dp at altitude to the time 
taken for the cabin pressure to fall by an 
amount dp at sea level at the same excess 
pressure px 
ratio of time taken for the cabin pressure to 
fall through a given range of excess pressure 
at altitude to the time taken for the cabin 
pressure to fall through the same range of 
excess pressure at sea level 
g gravitational constant 
h_ height 
constant in the equation p/p" =k 
K constant in the equation - dp/dt=Kp, 
m mass of air in the fuselage at any time + 
index of p in the equation p/p"=k 

p pressure in the fuselage at any time 
p, atmospheric pressure 
ps, excess, or cabin differential, pressure 

t time 
T the time for p, to halve its value during a 
aes ground level leakage test 
Ay v velocity of air through the hole in the 
5 fuselage 
cabin volume 
p density of cabin air at any time ¢ 
ue p, atmospheric density 

oe p, density of air in the leakage hole 


Subscript 1 refers to conditions at sea level. 
Subscript 2 refers to conditions at altitude. 
=f Expressions marked ’ are mean values in the interval 6r. 


4 It will be assumed that the leakage of air from the 
ct fuselage can be idealised as the flow of air through a 
hole of constant effective area a. At any instant of time 
t the pressure and density of the air in the cabin are 
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(9) 
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Equa' 
age 

np 
p and p respectively and those of the outside atmosphere since 
p, and p,. The fuselage air is assumed to expand et 
adiabatically according to the law p/p"=constant, 
where n=1-4. 
Differentiating this expression with respect to the 
time f:— 
dt np If 
Now the mass of air in the fuselage at any time ¢ is - 
given by 
m=pV. 
Therefore the mass leakage rate f 
dp 
(2) 
From equations (1) and (2) I 
Vp dp level 
dt mp 
The velocity 7 through the orifice will depend on 
whether the pressure ratio p/p, is below or above the 
critical {(n+1)/2}""-?. At and above the critical 
pressure ratio 7 remains constant at the local sound 
velocity. 
p n+ 1 
(a) Below critical conditions </( 
Bernoulli’s equation for the flow through the hole 
is:— 
(4) 
8g p 
If we assume that the flow in the hole is adiabatic 
Eliminating p between equations (4) and (5), a 
vdu 
. 
g Pp 
Integrating equation (6) between the limits p, and p 7” 
and substituting for k from equation (5) in the answer : 
gives 
If p, is the density of the air in the hole then the 
mass leakage rate can be written 
=p.av. . (8) 
Then combining equations (5), (7) and (8): — 
* 28\n-1 p p Fic 


by 
] 


(2) 


ole 


(4) 
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Equations 3 and 9 give two expressions for mass leak- 
age rate; equating them :— 


Since V, a, g and n (=1-4) are constants, the time dr for 
asmall pressure drop dp can be written as: — 


p 
dt 
l 


: 2/791/= 
-(22) ] 


If the subscript 1 is used to denote conditions at sea 
level and subscript 2 for altitude, and if conditions are 


always less than critical : — 
2/7 1/2 
| 


~ dt, \p, Pos 
t p Pp Pos 


If it is assumed that the cabin temperature in the sea 
level test and the altitude test is the same, then 


Ps _ Ps 
Pi P, 
4 | 
AIRCRAFT 
CRITICAL |FLOW CONDITION. 
3 
30, 000FT. 
£ 4 
20, OOOF T. 
z 
10,000 FT. 
SEA LEVEL. 
0 


4 
CABIN DIFFERENTIAL PRESSURE: LB/IN: 


Figure 1. Variation of time factor with altitude for cabin 
leakage. 


and the time factor f is given by 


Poe (2) | 
n+ 

2 


The velocity through the hole is now the local speed 


of sound, 
1/2 
(en”) 
Pr 


and by a reasoning similar to the foregoing, the mass 
leakage rate is given by 


(b) Above critical conditions - = ( 


Equating expressions (3) and (12) gives 

Vp (13) 


Equation (10) is the valid one for — dp/dt at sea level, if. 
as is usual, we are dealing with excess pressures less than 
13-12 Ib./in.*. (This is the required value for critical 
conditions at sea level.) Therefore, dividing equation 
(10) by equation (13) with appropriate subscripts, | and 
2 respectively, the time factor f is given by:— 


It can be seen directly from equation (11) that the 
limiting value of “f,” as the excess pressure approaches 
zero, is given by 


. . 


Values of f from equations (11), (14) and (15) are plotted 
in Fig. | for a range of altitudes from sea level to 
45,000 ft. and covering a cabin differential pressure 
range from 0 to 5 Ib./in.*. 


2. THE DIRECT USE OF THE GRAPH OF “f” AND 
EXPERIMENTAL CHECKS OF THE THEORY 

The problem is as follows :— 

If t, is the time for the cabin differential pressure to 
fall from px, to px, at sea level and Fr, is the time to fall 
through the same excess pressure range at a height h, 
what is the value of F? 

It can be shown from numerous ground leakage tests 
that the rate of fall of cabin pressure is approximately 
proportional to the excess pressure. Expressed mathe- 
matically this is : — 


— =Kp, . (16) 
where K is a constant. 


It is relevant to state at this point that equation (16) 
is not consistent with the theory used in the earlier part 
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of this note, which assumed that the air in the fuselage 
obeyed the law p/p"=constant where n was a constant. 
The justification for using p/p" =constant earlier was to 
apply a consistent theory at all altitudes to establish a 
factor f, and though the law is not strictly true in 
practice the mathematics in deriving f, which is a ratio, 
is strictly exact and consistent. 


Now p can be expressed as 
P= Py + Px, 


which, on differentiation with respect to tf and combina- 
tion with equation (16), gives :— 


— dpx 
d= 
Kp, 
At sea-level this equation is 
dp, 
adt,= 
At height / the equation is 
fdp. 
dt, = 
2 Kp, 


where f is a function of the height / and the differential 
pressure p, and is given on Fig. 1. Integrating these 
two expressions between the limits p,, and px, gives the 
required value of F as 


px 
log. & 
| 
CABIN EXCESS PRESSURE DROPS FROM 3 Le./in? 
To 1-5 LB./IN: 
$ 
2 q 
F + 
THEORY 
+ 
AIRCRAFT { + 
2 © 
4 3 0 
° 10 20 BO 40 50 


AIRCRAFT ALTITUDE (THOUSANDS OF FEET) 


FiGure 2. Comparison of theoretical and experimental values 


of F. 
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By means of Fig. 1 the integral on the top line of 
this equation can quickly be evaluated by graphical 
means. Fig. 2 shows the comparison between experi- 
mental and theoretical values of F for three fighter 
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FicureE 3. Fall of cabin pressure in descent after engine failure. 
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aircraft of very different leakage rates. The theoretical 
curve is a good mean of the experimental points and 
this would appear to justify the approximate theoretical 
treatment of this note. 


3, THE FALL OF PRESSURE IN A PRESSURISED AIRCRAFT 
DURING DESCENT AFTER ENGINE FAILURE 


The problem is as follows :— 


For a fighter aircraft the time taken for the cabin 
excess pressure to halve its value in a ground leakage 
test is found to be T. During flight at high altitude the 
engine fails, the pressurising source ceases to function 
and the aircraft descends. We wish to know how the 
cabin pressure varies during the descent. 


Extra theory 
At any time ¢ after engine failure (i.e. cabin air 
supply shut off) let the aircraft be at a height h. The 
cabin and atmospheric pressures are related by the 
equation 
Px=P— Po- 


Differentiating this equation with respect to time f, 


_ _ ap, 
dt dt 
This equation can be written 
dps _ = dp, 
dt (— . 


dp/dt the change of cabin pressure with time is a 
function of the ground leakage test time, the excess 
pressure p, and the aircraft altitude 4 (as demonstrated 
in the first part of this note). dp,/dh is a property of 
the atmosphere and a function of A and can be found 
from any standard atmosphere tables. -—dh/dt is the 
rate of descent of the aircraft and is known in any 
particular problem. 

Therefore to find dp,/dt from equation (17), dp/dt 
is the only outstanding term requiring a value; this will 
now be found. 

The ground leakage test requirement is usually 
quoted in the form of a certain time for the cabin excess 
pressure to fall to half its value. Experiment has shown 
that this time is approximately the same whatever the 
value of the starting pressure. This is tantamount to 
stating mathematically 


Where K is a constant. 


; If T be the ground time for p, to halve its value, 
then 


0-693 
Therefore, at the ground 
_ 0693 
aT 


From the previous work of this note -dp/dt at 
altitude can be related quite simply by means of a factor 
f to the value of -—dp/dr at ground level at the same 
differential pressure p,. We can write 


values for f being shown on Fig. 1. Omitting the 
suffix A for simplicity, -—dp/dt at height A can be 
written as:— 

-dp 0°693 

dt 
Inserting this expression in equation (17), the change in 
excess pressure 5p, in a small interval of time 47 is 


where all the expressions marked ’ are mean values in 
the interval 6r. 


te dD; Px + 2 dt t 


px being the value at the beginning of the interval. On 
substitution this gives for 4p, 


[= + Gr) 


The time in descent is found as follows :— 
= | Th dh= (-dh/di (19) 


Since in any example a graph of the rate of descent 
(— dh/dt) against altitude h will be provided, the variation 
of t with h is easily found by applying equation (19). We 
thus know the height appropriate to the middle of a 
time interval (when t=dt/2). Since (dp,/dhy and 
(—dh/dty are mean values in the interval and functions 
of height only they too will be known. The function f’ 
is appropriate to the mean height, which is known, and 
the mean differential pressure p, +(1/2)6p,, which is not 
known. The successive approximation process of find- 
ing 6p, and f’ from equation (18) is, however, rapidly 
convergent. 

Figure 3 gives the experimental and_ theoretical 
variation of cabin excess pressure of a fighter aircraft 
in descent after a simulated engine failure. The cabin 
excess pressure was 2°95 Ib./in.* at a height of 43,000 ft. 
at the start of the descent and 80 sec. was the leakage 
time for the excess pressure to halve its value in a 
ground test. The cabin condition is plotted as an excess 
pressure and in the alternative form of cabin altitude 
and there is very good agreement between theory and 
experiment. 
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THE ROYAL AIR FORCE 1939-1945—VOLUME II. The 
Fight Avails. Dennis Richards and Hilary St. G. Saunders. 
H.M. Stationery Office 1954. 415 pp. Illustrated. 13s. 6d. 

Few modern histories of such outstanding merit can 
have been published at so modest a price. This, the 
second volume of a trilogy, covers the war years 1941 to 
1943, from the fall of Singapore to the fall of Rome, and 
ranges from Coastal Command and the U-boat war to 
the mounting strategic bombing offensive on Germany, 
setting the sequence with the perspective of the Western 
Desert, Malta, Tunisia and Sicily. 

So uniformly measured and easy is the style of this 
authoritative book that the reader is unaware of any 
break in passing from the work of one co-author to the 
other. Yet the late Hilary Saunders wrote the first four 
and last four chapters, while the middle eight were written 
by Dennis Richards. It is a brilliant and scholarly example 
of literary partnership. 

Although officially commissioned, and based on official 
documents, this work is not part of the full length official 
History of the War, but is intended for a wider audience. 
Nevertheless, one ventures to predict that it may well 
become the official history book of the next generation of 
R.A.F. officers and indeed for the student historian, for 
here, concisely explained, are the circumstances, the policy, 
and the method of every aspect of air activity in those 
middle war years. So clearly is it written that the pages 
of history move as easily as a simple story. The broad 
picture is revealed, with its implications, and within it a 
multitude of individual actions are portrayed with an 
admirable restraint that in no way detracts from the valour 
and devotion depicted. 

From so much heroism and with so comprehensive a 
book it would be invidious to extract quotations. This 
epic must be read in its entirety. It will explain much. 
For those who participated many a memory will be evoked 
of that dark time a decade ago. For those who were too 
young to feel the impact of those days it will tell a mightier 
tale than any classic of the ancient world. Above all, it 
must provoke renewed acknowledgment of the great and 
splendid achievement of those whose battlefield was “ the 
blue dome of air.”—HARALD PENROSE. 


MATHEMATICS IN ACTION. O. G. Sutton. Bell, 1954. 
226 pp. S52 figs. 16s. 

This book is in effect a number of essays and for that 
reason the treatment tends to be somewhat uneven. The 
topics considered include Ballistics, Waves, Mathematics 
of Flight, Statistics and Meteorology. The attempt to 
combine them into a connected whole by means of two 
introductory chapters of a general nature is not entirely 
successful, and it is at least debatable whether the book 
would not have been more effective if it had been simply 
a collection of essays. 

On the other hand, the treatment of each individual 
topic is excellent and clearly bears the stamp of someone 
with first-hand experience of the subjects concerned and 
with a flair for lucid exposition and making a subject 
interesting. 

For use in schools by those who have taken the G.C.E. 
examination and will shortly be proceeding to a University 
with a view to reading Mathematics, Physics or Engineer- 
ing. “ Mathematics in Action” is really admirable. 

The book is well produced, contains plenty of photo- 
graphs and has a good index.—pb. M. A. LEGGETT. 


PLASTICS PROGRESS 1953. Edited by Philip Morgan. 
Papers and discussions at the British Plastics Convention 1953, 
liifie, London, 1953. 439 pp. Illustrated. 50s. 

Although aircraft designers and draughtsmen have 
usually rather a sketchy knowledge of metallurgy their 
practical knowledge of the techniques of handling metals 
are generally thorough and extensive and in fact it would 
be impossible to design and build a metal aeroplane if this 
kind of knowledge were not widespread in the industry, 
The use of plastics in aircraft has increased, is increasing 
and is likely to increase, but unfortunately it has not been 
accompanied by a corresponding familiarity with the 
properties of plastics and with the techniques employed in 
fabricating them. A cynic might feel that even a state of 
complete ignorance on the subject would be preferable to 
the little knowledge which is sometimes a dangerous thing. 
There is however some excuse for inadequate knowledge 
because few of the textbooks on plastics are complete or 
up-to-date and moreover they are not generally written 
from the point of view of the aircraft engineer. 

The editor and the proprietors of the journal British 
Plastics are making a commendable effort to purvey 
up-to-date information to engineers by holding bi-annually 
an exhibition and also a convention at which some twenty 
or thirty papers are read and discussed. The papers, which 
are all of a technological character, cover virtually the 
whole field of the plastics industry. The danger of a 
convention of this type is that of all specialised technology, 
namely that many of the contributions will be intolerably 
dull unless one happens to be vitally interested in the 
economic manufacture of hair combs or switch covers. 
On the whole this danger has been avoided with some 
skill and perhaps two-thirds of the papers will be of real 
interest to aircraft engineers. There are five papers on 
reinforced plastics in most of which aircraft applications 
are discussed at some length, moreover most of the authors 
of these papers have extensive experience of aircraft 
plastics. The two papers on “Durability and Performance” 
are also of considerable value. 

The coating of plastics with thin films of metal by 
vacuum evaporation seems of potential interest to aircraft 
engineers and there is an up-to-date review of the subject 
by Holland and Sutherland. 

I do not know if it is considered fitting for a reviewer to 
mention a paper of which he is part-author, but it is 
perhaps worth remarking that the paper on asbestos filled 
materials contains, as far as I am aware, the only reason- 
ably complete published data on “ Durestos.” 

This book is not and does not pretend to be a complete 
guide to plastics but it is a very valuable source-book on 
many aspects of-the subject and there should certainly be 
a copy in every aircraft design office.—J. E. GORDON. 


SOME BASIC PROBLEMS OF THE MATHEMATICAL 
THEORY OF ELASTICITY. N. /. Muskhelishvili. Translated 
from the Russian by J. R. M. Radok. P. Noordhoff, Groningen, 
Holland, 1953. 704 pp. 66 figures. Approx. 66s. 8d. 

It is an astonishing thing that Muskhelishvili’s prize- 
winning monograph on the theory of elasticity should have 
had to wait twenty years before being translated into 
English, and Mr. Radok’s translation is that of the third 
1949 Russian edition. 

The leitmotiv of the book is the solution of boundary 
value problems of plane elasticity, in which either the 
external stresses or the displacements of points on the 
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boundary are given, by the use of analytic functions of 
the complex variable; systematic use being made of the 
properties of Cauchy type integrals and conformal trans- 
formations. 

The book is divided into seven parts. In the first part 
the analysis of stress and strain and the fundamental laws 
of the theory of elasticity are discussed and here the style 
is very reminiscent of Love's classical work and essentially 
the same notation is used. Many applied elasticians will 
wistfully wish that the notation, made so popular by 
Timoshenko, could have been adopted. Throughout the 
whole work carefully historical references are given. The 
general formule of the plane theory of elasticity are 
developed in the second part, and a full introduction to 
complex representation of the general solution of the 
equations of the plane theory of elasticity and the trans- 
formation of the basic formule for conformal mapping 
are fully discussed. The very important complex repre- 
sentation of biharmonic functions is also given. The 
solutions of several problems of the plane theory of 
elasticity by means of power series are given in Part 3. 
The simplicity and elegance of the method is clearly shown 
on page 20i by the calculation of the stresses in a plate, 
weakened by a circular hole. Cauchy integrals are 
discussed in Part 4, their application to the solution of 
boundary problems of plane elasticity being described in 
Part 5. In the next part is given the solution of problems 
of elasticity by reduction to a single boundary problem of 
complex function theory; this the author calls the problem 
of linear relationship, but it will be recognised by readers 
as the Riemann or Hilbert problem. The final part is con- 
cerned with the extension, torsion and bending of homo- 
geneous and compound bars. It is of interest to note that 
the author recognises the fact that the principal advantage 
of tensor calculus arises in its application to curvilinear 
co-ordinates of the general type, and he develops his 
theorems without the affectation of the tensor notation, 
although the concept of a tensor is admirably described 
inan Appendix. 

The translation appears to have been excellently and 
conscientiously performed, the arguments are clearly 
discussed and the mathematics well presented, but how 
tired the reviewer became of the word “ sequel.” 

In an ingenuous preface to the Russian first edition of 
the book Academician Krylov, apart from differentiating 
between the unwitting use of elasticity in the development 
of bows and arrows by primitive man and the use of 
Academician Gadolus’ elastic theories by Vickers and 
Armstrong in their gun designs, makes a plea for more 
numerical examples, diagrams and an indication of the 
order of accuracy obtained by the use of the various 
theorems. The present edition may be better in this 
respect, but still more detailed examples would certainly 
help the reader in an understanding of the work. The 
comment regarding accuracy is an important one as it will 
be appreciated that, in spite of the mathematical nature 
of the method, the correct evaluation of the stresses in 
any problem must depend on the accuracy of the mapping 
function which is used in the conformal transformation 
of the region under consideration. The sixty-six diagrams 
are clearly drawn and adequate for the purpose of illus- 
tration; incidentally it should be noted that the captions 
for Figs. 40 and 41 and also Figs. 43 and 44 appear to 
have been interchanged. 

To the theoretical elastician the value of this book 
cannot be over-estimated as, in spite of the fact that several 
Workers have obtained complex representations of solu- 
ions, almost no one has actually used them. The book 


thus bridges the gap between the proof of the existence 
of a solution and effective calculations. The aircraft 
engineer, steeped though he is in mathematical analysis, 
may find the book heavy going and he may legitimately 
wonder whether, in view of the idealisation of the problems 
necessary in order to bring them within reach of 
Muskhelishvili’s methods, it would not be better to rely 
on experimental or approximate numerical methods of 
analysis; this, however, is not a fair criticism of the purpose 
of the book. The printing and production of the work is 
excellent, but what an inappropriate jacket!—s. Cc. REDSHAW. 


ELASTICITY, PLASTICITY AND STRUCTURE OF 
MATTER. R. Houwink. Second Edition. Cambridge Univer- 
sity Press, 1954. 368 pp. 45s. 

The first edition of this book appeared in 1937. To 
engineers, at least, it was full of good things, introducing 
many, for the first time, to the newly developing theories 
of the plastic properties of metals, the strength and 
composition of glass and the elastic properties of rubber. 

The designation of the 1954 edition by a higher ordinal 
is equivocal. The first 205 pages are reprinted from the 
first edition. These cover that part of the subject matter 
in which the greatest advances have been made in the past 
twenty years. The reader will be disturbed to find that a 
1954 edition of a book which treats the plastic properties 
of metals and the mechanical properties of glass, includes 
no work more recent than 1936. Sections on resin and 
asphalts are unchanged, but a welcome change is made in 
the section dealing with the molecular structure of rubber. 
Apart from some slight rewording of a section on proteins, 
further reading reveals that the remainder of the book, 
which covers such subjects as cellulose, paints, clays and 
sulphur is also a reprint of the 1937 edition. 

As there are now recent specialist treatments of nearly 
all the subjects which this book includes, it is doubtful 
what service the present reprinting gives to the reader. 
There can be no doubt that the very high reputation of 
the publishers must suffer from offering a reprint of an 
out of date book at the price of a new one.—c. H. GURNEY. 


HIGH ALTITUDE ROCKET RESEARCH. Dr. Homer E. 
Newell, Jr. Academic Press, N.Y., 1953. 298 pp., photos., 
diagrams. $7.50 (£3). 

The author, who is head of the Rocket-Sonde Research 
Branch of the U.S.N. Research Laboratory in Washington, 
begins the preface to his book by saying: “ The age of 
large rockets, which is now upon us, brings with it a new 
technology and a new profession.”” The members of the 
R.Ae.S. may tend to think of this new age in terms of 
take-off assistance for large aircraft (predominantly 
bombers), the propulsion of supersonic aircraft, and guided 
missiles, both defensive and offensive. 

There is, however, another aspect to this situation. 
Rocket propulsion can be—and in fact has been—the 
means by which we can build vehicles for exploring the 
upper atmosphere and beyond. The results of this applica- 
tion of a new technological development, as is usually the 
case with anything that reveals new knowledge, are in- 
calculable, and likely to exceed (in the long run) any of the 
more obvious ones. 

If we are ever to fly, for either civil or military purposes, 
at heights greater than 15 miles, then we shall need to 
know a great deal more about the composition, pressure, 
temperature, density, and winds obtaining in the tenuous 
residual atmosphere of these regions. Radio transmissions 
of sound and vision are vitally affected by conditions 
at these, and even greater, altitudes. Astronomy and 
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physics are subjects which have a way of transforming their 
new academic discoveries into startling new practical 
applications well within a generation, as witness the current 
importance of thermo-nuclear reactions; high altitude 
rocket research has already made considerable contribu- 
tions to our knowledge of stellar spectra (regarding our 
own sun as a star, which of course it is), and cosmic radia- 
tion (nature can still generate higher energy particles than 
any accelerators in our terrestrial laboratories). Future 
work of a similar nature is likely to result in the gaining 
of even more valuable information. Among the ranks of 
* pure ” scientists, a breed to be found in greater profusion, 
perhaps, on this side of the Atlantic, there will be general 
agreement that all this has a certain .alue for its own sake. 
For the rest, there is always the promise of eventual new 
practical applications of the new knowledge—no doubt, as 
always in the past, both beneficial and otherwise. Even 
the sober and respectable volume now under review 
mentions in passing “the exciting possibility of space 
travel,” as having “ fired the imagination of the public.” 

Dr. Newell’s excellent and well-produced book is 
primarily intended for physicists interested in meteorology, 
cosmic rays, the ionosphere, and other subjects related to 
extreme heights. More than two-thirds of the volume is 
devoted to the results obtained in the already extensive 
American high-altitude rocket research programme, and 
only a minor part to the rocket vehicles themselves and 
the problems involved in using them for this purpose. 
However, to anyone interested in any of these matters, it 
may confidently be recommended as a sound and authorita- 
tive work, and the first and only of its kind. 

The Germans at Peenemiinde, within the exigencies of 
their military commitments on V-2, made a modest begin- 
ning in this field of upper-atmosphere research. The 
French in North Africa, with their sounding rocket 
“Veronica,” are now entering it, but it is the Americans, 
with the ‘“‘ WAC-Corporal,” “ Aerobee,” V.2, and * Viking ” 
vehicles, who have so far been responsible for all the main 
achievement. In 1949, the G.E. “* Bumper” project, con- 
sisting of a two-stage combination of a “* WAC-Corporal ” 
and a V.2, carried instruments up to a height of nearly 
250 miles, from which data was telemetered back to the 
base at White Sands, New Mexico. Research rockets of 
more modest performance are still capable of obtaining 
valuable data; in fact, the most useful so far has probably 
been the Aerojet-Douglas “ Aerobee,” with a ceiling of 
about 70 miles, while a use has also been found for balloon- 
launched small solid rockets. One of these days, there will 
be a pressing need for an instrument-carrying artificial 
satellite rocket, but in the meantime much can be done 
with more modest facilities. , 

It is to be hoped that the U.K. will soon participate in 
this field of scientific research. The Oxford conference 
organised by the Royal Society and Professor Massey (of 
London’s University College) last August gave some 
promise of this hope being realised. Dr. Newell was one 
of many leading Americans in the field who attended this 
meeting and reported on their work.—a. V. CLEAVER. 


ERNST HEINKEL ‘“STURMISCHES LEBEN.” Edited by 
Jiirgen Thorwald, Stuttgart 1953. Mundus-Verlag. 2nd Edition. 
561 pp. Photographs. DM.19.80 (30s.) (In German.) 

This book, subtitled with modesty as “ The Sensational 
Memoirs of The World Famous German Aircraft Indus- 
trialist,” is the story of a plumber’s boy who made good: 
dragged out of the debris of a flaming aeroplane, he was 
to become one of the leading aircraft designers and 
manufacturers. 

Most unfortunately, 


this boy, now Professor Dr. 
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Dr.-Ing. Ernst Heinkel, an industrial leader of his country, 
small, squat, looking at the world with puzzled eyes out of 
round spectacle lenses, quick in action, indefatigable and 
possessed by an ungovernable temper, exploding with new 
and daring technical conceptions, a born rebel, but kind 
and good-natured at heart, fond of wine, women and of 
driving fast cars very fast—this success-boy has been too 
lazy so far as the writing of his memoirs is concerned; he 
exploits a chance meeting with a writer of flamboyant 
contemporary reportage in order to have his autobiography 
composed. Admittedly, Thormann writes more attractively 
than the sombre Professor, but he is entirely unfamiliar 
with aeronautical matters, and this becomes painfully 
obvious to anybody who knows the subject. Moreover 
and worse: this shadow world of the past of German 
aviation which Thormann describes, bears too often little 
resemblance to the characters as they existed in the flesh. 
It seems at many places, as if the lazy Professor has not 
even bothered to read his own life story before it was 
committed to the printer. Otherwise, it is hard to under- 
stand why the account is so often garbled, why so much 
interesting information is omitted—quite apart from occa- 
sional technical blunders which Heinkel would not have 
tolerated—and why so many oblique judgments are given. 
The lack of technical information as a whole is regrettable. 

In spite of these deficiencies, the life story of Heinkel, 
as written by Thormann, is fascinating to read. Without 
them, the book would have taken a permanent place in the 
history of aeronautics. The reviewer, who knew him 
personally, hopes that some day Heinkel will take the time 
and trouble to write his own biography.—a. R. WEYL. 


HANDBOOK OF ELLIPTIC INTEGRALS FOR _ ENGI- 
NEERS AND PHYSICISTS. Paul F. Byrd and Morris D. 
Friedman. Springer-Verlag, Berlin. 355 pp. Tables and Index. 
DM 39.60. (In English.) 

Many problems of engineering and physics reduce to 
the solution of certain integrals which are likely to be 
solved by graphical or other means of approximation if 
the engineer or physicist concerned is not primarily a 
mathematician. No doubt many of these problems actually 
involve elliptic integrals or related functions. It is with 
this in mind that the authors have prepared this Hand- 
book which contains explanatory material permitting the 
reader to obtain his answers with the minimum of effort 
and little, if any, previous knowledge of elliptic integrals, 
theta functions or elliptic functions. It is felt that this is 
not just another textbook on elliptic integrals; such a 
book might well have great value to the student or pure 
mathematician but would not be especially suitable for use 
by the engineer. 

In this work Byrd and Friedman have collected over 
three thousand integrals and formule in Legendre and 
Jacobi’s notation, the Weierstrassian function being briefly 
treated in the Appendix. The contents are arranged in 
what appears to be a most convenient form, starting with 
definitions and fundamental relations and continuing with 
the reduction of algebraic, trigonometric and hyperbolic 
integrands to elliptic functions. Further sections include 
hyperelliptic integrals and elliptic integrals resulting from 
Laplace transformations. Short tables of numerical values 
for elliptic integrals of the first and second kind and of 
functions useful in the evaluation of the third kind are 
given. 

No doubt this Handbook will be accepted as a useful 
aid in the application of mathematical tools already at 
the disposal of engineers and physicists. It is a pity that 
a book of this type should have been bound very loosely 
between paper covers. If it receives the use that it no 
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doubt deserves, it will probably disintegrate shortly into 
a collection of somewhat dog-eared pieces of paper.—a.J.B. 


MICROSCOPICAL TECHNIQUES IN METALLURGY. 
H. Thompson. Pitman, London, 1954. 146 pp. 90 figs. 18s. 

The aim of this book is to present to students and 
others a survey of certain metallurgical techniques in 
which the author is well experienced. 

The first five chapters deal with the preparation of 
specimens for microscopic examination. Mr. Thompson 
discusses the importance of careful selection and cutting 
of a sample, the function of the mounting press and care 
necessary in mounting irregular sections, wire specimens 
and specimens for electrolytic treatment. He then describes 
mechanical polishing with modified final techniques for 
certain types of metals and alloys, followed by discussion 
of the advantages and limitations of electrolytic polishing 
and finally the methods of etching and a wise selection of 
etching reagents. 

Chapter six deals with the popular types of metallurgical 
microscope and their optical systems, and a description of 
the electron microscope and techniques for preparing suit- 
able specimens. This is followed by two useful chapters 
on photomicrography, including colour processes. Chapter 
nine describes methods of estimating graphite size in cast 
iron, grain size in austenite and non-ferrous metals, and of 
assessing non-metallic inclusions. 

The concluding chapter is a useful one and contains 
microstructures representative of non-metallic, ferrous and 
non-ferrous alloys. The author wisely emphasises the fact 
that the satisfactory interpretation of microstructures 
requires an adequate theoretical knowledge combined with 
constant practice. 

The book contains a concise bibliography, wisely placed 
at the end of each chapter. It is illustrated with good 
photographs and diagrams, nicely printed on good paper 
and offered for sale at a reasonable price.—L. W. DERRY. 


THE COMPLETE BOOK OF OUTER SPACE. Edited by 
Jeffrey Logan. Sedgwick & Jackson. 144 pp. Illustrated. 
London. 10s. 6d. 

An American book, described in the Introduction as 
“the authentic and dramatic story of space travel,” this 
contains 14 short articles, mostiy reprints or adaptations 
of lectures, on various aspects of interplanetary flight. 
The list of contributors includes Dr. Willy Ley, Dr. 
Wernher Von Braun, Dr. Heinz Haber, Dr. Donald 


Menzel and Dr. Leslie Shephard, Technical Director of 
the British Interplanetary Society. The book is profusely 
illustrated. 


BRITISH STANDARD 308: 1953—ENGINEERING 
DRAWING PRACTICE. Second Revision. British Standards 
Institution 1953. 10s. 6d. 

All branches of the Engineering Industry are concerned 
with the question of standardisation of drawing office 
practice. In 1927 the British Standards Institution published 
their first recommendations in the hope of achieving some 
degree of uniformity in current practice. A first revision 
of this publication appeared in 1943. 

The Standard consists of two main sections: one deals 
with general drawing office principles on such matters as 
drawing layout, scales, lettering, sectioning, etc.; the other 
deals with dimensioning and tolerancing. 

The new Standard is concerned mainly with a revision 
of Section Two, which has been considerably amplified 
in the light of experience gained in recent years on the 
subject of dimensioning and tolerancing. Its new approach 
to this aspect of drawing office practice is a much more 
practical one and should go a long way towards ensuring 
that drawings produced in accordance with the recomend- 
ations will result in components which will assemble and 
function correctly, and so give less trouble than might 
otherwise be the case. 

The Standard is well produced, and the recommend- 
ations are given in clear and unambiguous terms, a fact 
which should give greater incentive for its more wide- 
spread use.—E.W.C.W. 


William Robinson and 
Pitman, London 1954. 


APPLIED THERMODYNAMICS. 
John M. Dickson. Third Edition. 
666 pp. Diagrams. 40s. 

This is the third edition of one of the standard text- 
books for the engineering degree course in the subject: 
the book was first published in 1927, and the second edition 
appeared in 1935. Its worth as a textbook and as a 
reference book is acknowledged, one of its virtues being 
the excellence of the worked and unworked examples. 
The high standard has been maintained in this new edition, 
which should be invaluable to engineering students and 
lecturers. Considerable revision has been made since the 
previous edition, including applications to the gas turbine 
and modernisation of the section on refrigeration. A new 
chapter on First Principles of Heat Transmission has been 
added.—..c.P. 


Additions to the Library 


*British Engineers’ Association. CLASSIFIED HANDBOOK OF 
Mempers. B.E.A. 1954. 

Brown, T. B. ELectrronics. Chapman & Hall. 1954. 

Burge, C. G. (General Editor). COMPONENT DESIGN. 
Handbook of Aeronautics No. 2. Pitman. 1954. 

Fay, J. S. THe HELICOPTER AND How It FLiEs. Pitman. 

54. 

Fedden, Sir Roy. A CENTURY OF PROGRESS IN AERO- 
NAUTICS. Society of Engineers. 1954. 

Galland, A. JusQu’AU BOUT SUR NOS MESSERSCHMITT. 
Laffont. 1954. 

Hadekel, R. HYDRAULIC SYSTEMS 
C.U.P. 1954. 

Hague, B. AN INTRODUCTION TO VECTOR ANALYSIS. 
Methuen. 1951. 

Hébrard, General. 
Jours. Laffont. 

Hornsey, D. (Trans). RENDEZ-vous 127—THE DiARY OF 
MADAME BRUSSELMANS M.B.E. Benn. 1954. 

Kaufmann, W. TECHNISCHE HyDRO- UND AEROMECHANIK. 
Springer. 1954. 


AND EQUIPMENT. 


L’AVIATION DES ORIGINES A NOS 
1954. 


Lee, J. F. THEORY AND DESIGN OF STEAM AND GAS 
TURBINES. McGraw-Hill. 1954. 


Mahlmann, C. V. and W. M. Murray (Editors). PRo- 
CEEDINGS: SOCIETY FOR EXPERIMENTAL STRESS 
ANALYSIS, Vol. XI, No. 2. S.E.S.A. 1954. 


Morwood, J. SAILING AERODYNAMICS. The Author. 1954. 


*N.A.C.A. THIRTY-EIGHTH ANNUAL REPORT. 1952. 
U.S.G.P.0. 1954. 

Reuss, K. F. JAHRBUCH DER LUFTFAHRT 1952/3. Pohl 
& Co. 1953. 


Several Authors. MEMOIRES SUR LA MECANIQUE DES 
FLUIDES OFFERTS A M. Dimitri P. RIABOUCHINSKY. 
S.D:LF. 

Shute, N. SLIDE RULE. 


Heinemann. 1954. 


Slessor, Sir John. STRATEGY FOR THE WEST. Cassell. 
1954. 
Truesdell, C. THE KINEMATICS OF VorTICITYy. Indiana 


University Press. 1954. 
*Wilkinson, P. H. AIRCRAFT ENGINES OF THE WORLD 
1954. Wilkinson. 1954. 


Items marked * are not available for loan 
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Reports 


AERODYNAMICS 
COMPRESSIBLE FLOW 


A study of hypersonic small-disturbance theory. M. D. Van 

Dyke. N.A.C.A. Technical Note 3173 (May 1954). 
The small-disturbance equations are derived for inviscid 
flow past thin bodies at high supersonic speeds. Re-inter- 
preted, they apply throughout the supersonic range. The 
theory is used to find pressures on cones and wedges, initial 
gradients on ogives, and initial pressure curvatures on ogives 
of revolution. Additional approximations from existing 
theories are discussed.—(1.2.3.1). 


Wall interference in wind tunnels with slotted and porous 

boundaries at subsonic speeds. B.S. Baldwin, J. B. Turner and 

E. D. Knechtel. N.A.C.A. Technical Note 3176 (May 1954). 
Linearised compressible-flow analysis is applied to the study 
of wind tunnel-wall interference for subsonic flow in either 
two-dimensional or circular test sections having slotted or 
porous walls. Expressions are developed for evaluating 
blockage and lift interference.—(1.2.1). 


Minimum-drag ducted and pointed bodies of revolution based 
on linearized supersonic theory. H. M. Parker. N.A.C.A. 
Technical Note 3189 (May 1954). 
The linearised-drag integral for bodies of revolution at 
supersonic speeds is presented in a double-integral form 


which is not based on slender-body approximations but 
which reduces to the usual slender-body expression in the 
proper limit. With the aid of a suitably chosen auxiliary 
condition, the minimum external wave-drag problem is 
solved for a transition section connecting two semi-infinite 
cylinders. The projectile tip is a special case and is com- 
pared with the Von Karman projectile tip. Calculations 
are presented which indicate that the method of analysis 
gives good first-order results in the moderate supersonic 
range.—(1.2.3.1). 


Fiusp DYNAMICS 


Impingement of water droplets on an ellipsoid with fineness 
ratio 10 in axisymmetric flow. R. J. Brun and R. G. Dorsch. 
N.A.C.A. Technical Note 3147 (May 1954). 


The presence of radomes and instruments that are sensitive 
to water films or ice formations in the nose section of all- 
weather aircraft and missiles necessitates a knowledge of 
the droplet impingement characteristics of bodies of revolu- 
tion. Because it is possible to approximate many of these 
bodies with an ellipsoid of revolution, droplet trajectories 
about an ellipsoid of revolution with a fineness ratio of 10 
were computed for incompressible axi-symmetric air flow.— 
(1.4). 


The role of triple collisions in excitation of molecular vibrations 


in nitrous oxide. R.A. Walker, T. D. Rossing and S. Legvold. 
N.A.C.A. Technical Note 3210 (May 1954). 


Results are presented of an investigation to determine the 
importance of triple collisions in the thermal relaxation 
process (heat capacity lag) of gaseous mixtures. The rudi- 
ments of the theory of sound disversion and relaxation 
phenomena are presented, along with an analysis of the 
manner in which the effects of triple collisions might te 
determined.—(1.4). 


Loaps 


Measurement and analysis of wing and tail buffeting loads on 
a fighter-type airplane. W. B. Hutson and T. H. Skopinski. 
N.A.C.A. Technical Note 3080 (May 1954). 


Wing and tail buffeting loads measured in 194 runs with a 
fighter-type aeroplane are tabulated with the associated 
flight conditions. Measurements were made at altitudes of 
30,000 to 10,000 ft. and at Mach numbers up to 0°8. 
Preliminary analysis indicates that the loads vary with the 
square root of the dynamic pressure and shows the effects 
of aerodynamic damping, duration of buffeting, manceuvre 


abruptness, penetration beyond the buffet boundary, and 
reduction of the wing natural frequency in bending through 
addition of wing-tip weights.—-(1.6.3 x 1.10.2.2 x 2.0), 


PERFORMANCE ESTIMATION 


The derivation of airworthiness performance climb standards, 


F. G. R. Cook and A. K. Weaver. R. & M. 2631 (July 1948 
published 1954).—{1.7). 


Manual of the 1.C.A.O. standard atmosphere calculations by 


the N.A.C.A. International Civil Aviation Organization, 


and Langley Aeronautical Laboratory. N.A.C.A. Technical 
Note 3182 (May 1954). 


The physical constants and basic equations defining the 
International Civil Aviation Organization (I.C.A.O.) Standard 
Atmosphere are presented, together with tables and diagrams 
of the properties of the I.C.A.O. Standard Atmosphere 
computed by the National Advisory Committee for Aero- 
nautics in both metric and English units for altitudes from 
—5,000 metres to 20,000 metres and from — 16,500 ft. to 
65,800 ft.—(1.7 x 24). 


STABILITY AND CONTROL 


See also WINGS AND AEROFOILS; AND AEROELASTICITY 


Measurements of mid-chord pitching moment derivatives at 

high-speeds. J. B. Bratt and A. Chinneck. R. & M. 2680 

(June 1947, published 1954). 
Measurements of the pitching moment derivative coefficients 
m, and m; for a 7} per cent. bi-convex aerofoil oscillating 
about the mid-chord axis were made in a high-speed wind 
tunnel by the method of decaying oscillations. The tests 
were made at Mach numbers of 1:275, 1:455 and 1-515 for 
supersonic flow and covered a range extending from 0°4 to 
0-9 at subsonic speeds. The effect of variation of frequency 
parameter was also investigated, and conditions giving rise 
to sustained or growing oscillations at subsonic speeds were 
examined.—(1.8.2.2). 


Estimation of the maximum angle of sideslip for determination 

of vertical-tail loads in rolling maneuvers. R. W. Stone. 

N.A.C.A. Report 1136 (1953). 
The results are presented of a study, by a step-by-step 
integration of the equations of motion, of the variations of 
angle of sideslip and angle of attack in rolling manceuvres. 
particularly for aeroplanes with mass distributed mainly 
along the fuselage. The results are compared with those 
of existing methods for estimating angles of sideslip for 
a vertical tail loads in rolling manceuvres.— 
(1-8:2). 


Determination of lateral-stability derivatives and transfer 
function coefficients from frequency-response data for lateral 
motions. J. J. Donegan, S. W. Robinson, and O. B. Gates. 
N.A.C.A. Technical Note 3083. 
A method is presented for calculating the lateral-stability 
derivatives and lateral transfer-function coefficients from 
frequency-response data for a _ rigid aeroplane. Two 
examples are used to illustrate the method. Accurate 
lateral-stability derivatives can be obtained only when 
accurate frequency-response data are available—(1.8.1). 


THERMO-AERODYNAMICS 


Analysis of turbulent heat transfer, mass transfer, and friction 

in smooth tubes at high Prandtl and Schmidt numbers. R. G. 

Deissler. N.A.C.A. Technical Note 3145 (May 1954). ; 
The expression for eddy diffusity from a previous analysis 
was modified in order to account for the effect of kinematic 
viscosity in reducing the turbulence in the region close to 
a wall. The effects of length-to-diameter ratio and 0 
variable viscosity were also investigated for a wide range of 
Prandtl numbers.—(1.9.1 x 1.1.3). 


NOTE:—The figures in parentheses at the end of each Summary are for office use only. 
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THE LIBRARY—REPORTS 


WINGS AND AEROFOILS 
See also. LOADS 


su Vapplication de la théorie des lignes portantes a des ailes 
munies de spoilers. André Fauquet. Publications Scientifiques 
a Techniques du Ministére de Lair, No. 289 (1954). 
(1.1.2.2 


Calculations on the forces and moments for an oscillating wing- 
aileron combination in two-dimensional potential flow at sonic 
speed. H. C. Nelson and J. H. Berman. N.A.C.A. Report 
1128 (1953). 
The linearised theory for compressible unsteady flow is used 
to obtain the velocity potential and the lift and moment for 
a thin, harmonically oscillating, two-dimensional wing- 
aileron combination moving at sonic speed. The paper 
provides extensive tables of numerical values for the 
coefficients contained in the expressions for lift and moment, 
for various values of the reduced frequency and aileron 
hinge position.—(1.10.1.2 « 1.3.1). 


Influence of airfoil trailing-edge angle and trailing-edge-thickness 
variation on the effectiveness of a plain flap at high subsonic 
Mach numbers. A. Hemenover and D. J.) Graham. 
N.A.C.A. Technical Note 3174 (May 1954). 


The effects of variation of trailing-edge angle and irailing- 
edge thickness on the characteristics of a 10 per cent. chord 
thick N.A.C.A. aerofoil section with a 25 per cent. chord 
plain flap are appraised from wind tunnel tests at Mach 
numbers from 0:3 to 0:9 and Reynolds numbers varying 
correspondingly from 1 to 2 million. The aerofoil trailing- 
edge angle was varied from 18° to 6°, and the trailing-edge 
thickness from zero to the thickness at the flap hinge line. 
(1.10.2.1). 


Downwash characteristics vortex-sheet: shape behind a 
63° swept-back wing-fuselage combination at a Reynolds 
number of 61108. W. H. Tolhurst. N.A.C.A. Technical 
Note 3175 (May 1954). 


Downwash-angle contour maps are presented for nine 
vertical transverse planes located between 0°57 and 2:71 
semi-spans aft of the 0:25 mean aerodynamic chord point 
for three angles of attack. The shape of the vortex sheet 
is presented for the various survey planes and angles of 
attack. Theoretical and experimental downwash angles are 
compared.——(1.10.2.2 x 1.8.2). 


Minimum-wave-drag airfoil sections for arrow wings. M., 
Cooper and F. C. Grant. N.A.C.A. Technical Note 3183 
(May 1954). 


A linearised theoretical analysis has been made to determine 
minimum wave drag aerofoil sections for arrow wings at 
Supersonic speeds. The drag was minimised subject to the 
conditions of either a given thickness ratio at a specified 
chordwise location or a given volume.—(1.10.1.2). 


HELICOPTER AERODYNAMICS 


Charts for estimating tail-rotor contribution to helicopter 
directional stability and control in low-speed flight. K. B. 
Amer and A. Gessow. N.A.C.A. Technical Note 3156 (May 
1954), 


Theoretically derived charts and equations are presented by 
which tail-rotor design studies of directional trim and 
control response at low forward speed can conveniently be 
made. Comparisons between theoretical and experimental 
results are presented.—(1.11.2). 


Directional stability characteristics of two types of tandem 
helicopter fuselage models. J. L. Williams. N.A.C.A. Tech- 
nical Note 3201 (May 1954). 


The results of a low-speed wind tunnel investigation of the 
directional stability characteristics of an overlap-type fuselage 
as affected by fuselage and pylon (vertical tail) modifications 
and of a non-overlap type fuselage as influenced by spoilers 
and vertical-tail changes are presented. Tuft-grid pictures 
of the air flow behind the non-overlap type fuselage are 
also presented. (1.11.2). 
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AEROELASTICITY 


See also AERODYNAMICS, LOADS 


Aileron reversal and wing divergence of swept wings. E. G. 
Broadbent and Ola Mansfield. R. & M. 2817 (September 1947, 
published 1954). 


A method of solution for the aileron reversal speed of a 
swept wing (with emphasis on sweepback) is developed on 
the lines of strip and semi-rigid theories. The influence of 
the following parameters is investigated: (a) The degree of 
sweep. (hb) Wing torsional and flexural stiffness. (c) Wing 
plan form. (d) Aileron plan form. Families of curves are 
given for extended variation of these parameters which may 
be used for the direct estimation of the reversal speed of a 
given wing ty interpolation. A solution is given for the 
wing divergence speed of a swept wing.—(2). 


Symmetric flutter characteristics of a hypothetical delta wing. 
D. L. Woodcock. R. & M. 2839 (May 1950, published 1954). 


The flutter characteristics of a hypothetical Delta wing are 
considered. The results are detailed of quaternary calcu- 
lations showing the effect on the reduced critical speed of 
the shapes and relative natural frequencies of the first two 
normal modes of the aircraft. From these results the stiff- 
nesses necessary to avoid flutter are deduced for two forms 
of wing structure. The aerodynamic forces have been 
obtained by using two-dimensional derivatives multiplied 
by the cosine of the quarter-chord sweepback in conjunction 
with strip theory applied to fore-and-aft strips. This 
procedure is of doubtful validity for the low aspect-ratio 
wing considered. With this reservation, however, the results 
confirm the adequacy of the present Ministry of Supply 
wing-stiffness requirement.—{2). 


Charts and approximate formulas for the estimation of aero- 
clastic effects on the lateral control of swept and unswept wings. 
K. A. Foss and F. W. Kiederich. N.A.C.A. Report 1139 (1953). 


Charts and approximate formulas are presented for the 
estimation of static aeroelastic effects on the spanwise lift 
distribution, rolling-moment coefficient, and rate of roll due 
to aileron deflections on swept and unswept wings at sub- 
sonic and supersonic speeds. Some design considerations 
brought out by the results of this paper are discussed. (This 
report was formerly T.N.2747).—(2 x 1.8.1.2). 


AIRCRAFT OPERATION 


Wing parachutes for recovery from the spin. G. E. Pringle 
and T. V. Somerville. R. & M. 2543 (March 1947, published 
1954).—(5.3). 


ELECTRONICS 


Development of a V.H.F. directional localizer. Parts I and II. 
Part 1. Preliminary tests. C. B. Watts, S. E. Taggart and 
K. E. Voyles.. Part Il. The monitor. K. E. Voyles. C.A.A. 
Technical Development Report No. 183 (May 1954). 


Progress is outlined in the development of a localiser having 
greater freedom from siting effects. Without sacrificing any 
operational characteristics, it has been found possible to 
build at a given site a localiser which will produce a 
substantially straighter course than the present conventional 
eight-loop localiser produces. Three directional arrays for 
accomplishing the purpose are described, together with the 
means for feeding and monitoring these antennas.—{11). 


FLIGHT TESTING 


Evaluation of the accuracy of an aircraft ratio altimeter for 
use in a method of airspeed calibration. J. R. Thompson and 
M. C. Kurbjun. N.A.C.A. Technical Note 3186 (May 1954). 


A method which may provide a rapid and convenient means 
for calibrating the air speed systems of high-performance 
aircraft is proposed and discussed. The accuracy of the 
method is comparable with that of the N.A.C:A. radar 
phototheodolite method (N.A.C.A. Report 985), but the 
tests must be performed over a large body of water.— 
< 812.2). 
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MATERIALS 


Metallographic observations during reversed straining of 
polycrystalline zinc. F. P. Bullen. A.R.L. Australia. Report 
S.M. 218 (November 1953). 


Evidence is put forward that deformation of polycrystalline 
zinc under reversed straining at low amplitude is localised 
at grain boundaries, leading to marked grain boundary 
migration and inter-crystalline fracture. Increase of strain 
amplitude has the effect of introducing deformation by slip 
and twinning and of restricting boundary migration, in a 
manner consistent with the mechanism put forward to 
explain the results of low strain amplitude tests.—(21.2.2). 


Evaluation of alloys for vacuum brazing of sintered wrought 
molybdenum for elevated-temperature applications. K.C. Dike. 
N.A.C.A. Technical Note 3148 (May 1954). 


The brazing characteristics of 28 alloys, with liquidus 
temperatures in the range 2,000° to 2,500°F, were established 
in vacuum. Three alloys having 1,800°F. bonding strengths 
greater than 17,000 pounds per square inch were heated in 
vacuum for 24 hours at 1,800°F. to determine the effect on 
tensile strength.—(21.2.2). 


MECHANICAL ENGINEERING 


Dynamics of mechanical feedback-type hydraulic servomotors 
under inertia loads. H. Gold, E. W. Otto and V. L. Ransom. 
N.A.C.A. Report 1125 (1953). 


An analysis of the dynamics of mechanical feedback-type 
hydraulic servomotors under inertia loads is developed and 
experimental verification is presented. Close agreement was 
obtained between analytically determined responses and 
measured responses. (This report was formerly T.N.2767).- 
(23.2.3). 


NAVIGATION 


The type IV_ rotatable-panel pictorial computer. Part 1. 
Development and initial tests. L. E. Setzer. C.A.A. Technical 
Development Report No. 195 (May 1954). 


The Type IV rotatable-panel pictorial computer is described 
for use with the omnibearing-distance navigational system. 
together with the results of early laboratory and flight tests. 
A later report will present results of more extensive evalu- 
ation studies which are now in progress.—(26). 


POWER PLANTS 


Experimental investigation of heat-transfer fluid-friction 
characteristics of white fuming nitric acid. B. A. Reese and 
R. W. Graham. N.A.C.A. Technical Note 3181 (May 1954). 


Experiments have been conducted to determine the heat- 
transfer and fluid-friction characteristics of white fuming 
nitric acid over a wide range of conditions. A satisfactory 
equation for relating the Fanning friction coefficient with 
heat transfer and the isothermal friction coefficient measured 
at the same Reynolds number is presented. An equation is 
also presented for correlating the heat-transfer results. 
Some preliminary results are presented for the regime of 
forced convection with nucleate boiling.—(27.3). 


PROPELLERS 


The effect of blade-section thickness ratios on the aerodynamic 
characteristics of related full-scale propellers at Mach numbers 
up to 0°65. J. D. Maynard and S. Steinberg. N.A.C.A. Report 
1126 (1953). 


Results of an investigation of two full-scale N.A.C.A. 
propellers are presented for a range of blade angles from 
20° to 55° at air speeds up to 500 miles per hour. These 
results are compared with the results from previous tests of 
five related N.A.C.A. propellers to evaluate the effects of 
blade-section thickness ratios on propeller aerodynamic 
characteristics.— (29.1). 
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Notes on the dynamic response of an aircraft to gusts and on 
the variation of gust velocity along the flight path (with special 
reference to measurements in Lancaster P.D.A19). Anne Burns, 
R. & M. 2759 (September 1949, published 1954). 
A collection of records showing the time histories of strains 
and accelerations at various parts of a Lancaster flying in 
turbulent air is presented and discussed. The records include 
specimens taken in cloud at moderate altitudes and in clear 
air at low altitudes. An attempt is made to deduce the 
variation of gust velocity along the flight path from the 
measured response of the aircratt. The results indicate that 
a large up-gust is often closely followed by a large down- 
gust and vice versa.—({33.1.2). 


Transverse vibrations of hollow thin-walled cylindrical beams, 

B. Budiansky and E. T. Kruszewski. N.A.C.A. Report 1129 

(1953). 
The variational principle, differential equations, and 
boundary conditions considered appropriate to the analysis 
of transverse vibrations of hollow cylindrical beams are 
shown. General solutions for the modes and frequencies 
of cantilever and free cylindrical beams of arbitrary cross 
section but of uniform thickness are given. The combined 
influence of the secondary effects of transverse shear defor- 
mation, shear lag, and longitudinal inertia is shown in the 
form of curves for cylinders of rectangular cross section 
and uniform thickness. The contribution of each of the 
secondary effects to the total reduction in the actual fre- 
quency is also indicated. (This report was _ formerly 
T.N.2682).—(33.1.2). 


THEORY AND ANALYSIS 
See also TESTING 


Preliminary design of a radio telescope. L. H. Mitchell. A.R.L. 

Australia. Structure and Materials Note 209 (December 1953). 
The preliminary design. for the structure of a 250 ft. diameter 
reflector for a radio telescope was undertaken at the request 
of the C.S.I1.R.O. Division of Radio Physics. This has 
shown that the deflexions at the rim and at a diameter of 
100 ft. can be restricted to about 2 in. and 0:8 in. respectively 
for a structure weight of about 100 tons.—(33.2.3.0). 


TESTING 


Design and use of counting accelerometers. J. Taylor. R. & 

M. 2812 (June 1950, published 1954). 
The fundamental principles underlying acceleration record- 
ing by means of a counting accelerometer are analysed. The 
essential design requirements for a counting accelerometer 
are presented. A design that has been specially made to 
meet these requirements is described. Both mechanical 
and electrical counting are considered, but mechanical 
counting is found to be superior.—(33.3.1). 


A special investigation to develop a general method for three- 

dimensional photoelastic stress analysis. M. M. Frocht and 

R. Guernsey. N.A.C.A. Report 1148 (1953). 
A new, general method is described for the photoelastic 
determination of the principal stresses at any point of a 
general body subjected to arbitrary loads. The method has 
been applied to a sphere subjected to diametral compressive 
loads. The results show possibilities of high accuracy. 
(This report was formerly T.N.2822).—(33.3.2 x 33.2.1). 


THERMODYNAMICS 


A theoretical investigation of the heating-up period of injected 

fuel droplets vaporizing in air. M.M. El Wakil, O. A. Uyehara 

and P. S. Myers. N.A.C.A. Technical Note 3179. 
Theoretical calculations were performed to determine 
whether the unsteady state, or the time during which the 
droplet is heating up or cooling down to the wet-bulb 
temperature, is of importance when single fuel droplets are 
vaporising under conditions of interest in jet engines. 
Experimental apparatus set up in an attempt to verify the 
importance of the unsteady state is described and a few 
experimental curves are presented.—(34.1.1). 
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APPOINTMENTS 


This section of THE JOURNAL is available for advertisements of appointments in the Industry, 
the Ministries, Research Establishments, Universities and Colleges in the United Kingdom only. 


press Day—20th of the month preceding publication. 

Rates—8/- a line. Each paragraph is charged separately and name and address 
must be counted. Semi-displayed setting £3 Os. Od. per column inch. 

for Numbers—-1/- extra. Replies should be addressed to: Box 000. care of 
THE JouRNAL, Royal Aeronautical Society, 4 Hamilton Place. London. W.1. 


Remittances—Cheques and postal orders should be made payable to the Royal 
Aeronautical Society. 


The Society reserves the right to decline any copy or advertisement at its 
discretion and accepts no responsibility for delay in publication or for 
clerical or printer’s errors, although every care is taken to avoid mistakes. 


THE UNIVERSITY OF SOUTHAMPTON 
RAUGHTSMAN/DEMONSTRATOR required for De- 
partment of Aeronautical Engineering. Drawing Office 

experience essential. Background of experimental work desir- 
able. Duties will include demonstrating in laboratories and 
participation in designing new equipment. Salary between 
{500 and £600. Further particulars may be obtained from 
Secretary and Registrar to whom applications in writing, giving 
age. full details of education and experience and the names of 
three referees, should be sent not later than 31st August 1954. 


DOWTY EQUIPMENT LIMITED 
CHELTENHAM 


require 


STRESSMEN 


with Higher National Certificate or Degree for 
interesting work on Aircraft Undercarriages and 
Hydraulics. 


DRAUGHTSMEN 
for Hydraulics and Undercarriage Division. 


These are permanent positions with 
excellent prospects of advancement. 


Good working conditions. 
Pension Scheme. 


Attractive environment. 
5 day week. Canteen. 


Write in tabulated form to : 
PERSONNEL MANAGER 


ORKS MANAGER required for engine overhaul division. 
The applicant must have good technical qualifications 
and have had considerable experience of aircraft engine over- 
haul. He must have proven administrative ability and experi- 
ence of material and stock control, progress, planning, and 
rate-fixing. Preference will be given to an applicant with 
experience of British and American engines. Salary will be 
in the range of £1,250-£1,500 per annum according to experi- 
ence and qualifications. Apply Personnel Manager, Field 
Aircraft Services Ltd., Croydon Airport, Surrey. 


INISTRY OF SUPPLY requires Technical Publications 

Officer at Chessington to assist manufacturers to prepare 
instruction books on servicing. ground handling, repair of 
military aircraft, power units, etc. Qualifications: British of 
British parents. Recognised engineering apprenticeship. 
O.N.C. or equivalent desirable. Appropriate practical experi- 
ence. Knowledge Service methods advantageous. Salary 
within £650 (age 30)-£761. Not established but opportunities 
to compete for establishment may arise. Application forms 
from AB.393, London Appointments Office, Ministry of Labour 
and National Service, 1-6 Tavistock Square, W.C.1. 


HE UNIVERSITY OF MANCHESTER. Applications are 
invited from graduates for two LECTURESHIPS in the 
FLUID MOTION LABORATORY. The person appointed 
to one of the posts will be required to work on the problems 
of electronics and instrumentation for the measurement and 
observation of fluid flow, including turbulence, the propagation 
of shock waves and aerodynamic noise. Candidates for the 
other post should have special qualifications in fluid dynamics. 
Salary on a scale £500-£1,100 per annum: initial salary 
according to qualifications and experience. Membership of 
F.S.S.U. and Children’s Allowance Scheme. Applications 
should be sent not later than 4th September 1954, to the 
Registrar, the University, Manchester, 13, from whom further 
particulars and forms of application may be obtained. 


SENIOR STRUCTURAL TEST TECHNICIAN required. 
Engineering Degree and experience of aircraft stressing and 
testing desirable. Practical assistance with housing. Apply. 
stating experience, age, etc., and quoting Ref. J/9 to the 
Personnel Officer, Saunders-Roe Ltd., East Cowes, I.W. 


Continued on next page 


Aerodynamics 
Electrical Systems 


VICKERS-ARMSTRONGS LIMITED 


(AIRCRAFT DIVISION) 


Invite applications from experienced ENGINEERS for executive positions in the Design Office. 
Applicants should have had experience in one or more of the following branches of aircraft design: 


Stressing 


These posts will carry a considerable degree of responsibility and applicants must be capable of 
supervising detail design. 


Salaries will be commensurate with experience and ability to accept responsibility. 


Apply to Employment Manager, Vickers-Armstrongs Limited (Aircraft Division), Weybridge, 
Surrey, giving full particulars and quoting reference EO/ACD/A. 


Structural Design 
Power Plant and Fuel Systems 
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APPOINTMENTS 


This section of THE JOURNAL (fs available for advertisements of appointments in the Industry, 
the Ministries, Research Establishments, Universities and Colleges in the United Kingdom only. 


Press Day—20th of the month preceding publication. 

Rates—8/- a line. Each paragraph is charged separately and name and address 
must be counted. Semi-displayed setting £3 Os. Od. per column inch. 

Box Numbers—1/- extra. Replies should be addressed to: Box 000. care of 
Tue Journat, Royal Aeronautical Society, 4 Hamilton Place, London, W.1. 


Remittances—Cheques and postal orders should be made payable to the Royal 
Aeronautical Society. 


The Society reserves the right to decline any copy or advertisement at its 
discretion and accepts no responsibility for delay in publication or for 
clerical or printer's errors, although every care is taken to avoid mistakes. 


SMITH & SONS (ENGLAND) LTD., require the services 

. in the Cheltenham area of a number of Qualified Electrical 
Engineers, Physicists and Mathematicians for research work in 
the field of small electro-mechanical systems for guided 
weapons. Knowledge of electronics and servo mechanisms is 
desirable but consideration will be given to ability, initiative 
and inventiveness rather than experience. Salaries will range 
from £500 to £1,500 per annum, according to ability and 
experience. Housing accommodation is guaranteed to selected 
applicants after a satisfactory probationary period. Where 
necessary arrangements can be made for applicants to take 
summer holidays this year. Application should be made in 
the first instance to the Personnel Manager, Messrs. S. Smith 
& Sons (England) Ltd., Evesham Road, Bishops Cleeve, nr. 
Cheltenham, Glos., for application form, quoting Ref. GW8/G. 


THE UNIVERSITY OF SOUTHAMPTON 

Py mca pcs are invited for the post of Senior Research 

Fellow in the Department of Aeronautical Engineering. 
Candidates must be over 26. Experience in wind-tunnel work 
is essential and in fundamental research desirable. The person 
appointed will be expected to design new high speed laboratory 
equipment and to take a leading part in the research work of 
the Department. Saiary Scale £1,000 by £50—£1,300. F.S.S.U. 
and children’s allowances. Further particulars may be obtained 
from Secretary and Registrar, to whom applications (6 copies) 
giving age, full details of qualifications and experience and the 
names of three referees, should be sent not later than 3lst 
August 1954, 


ACCLES & POLLOCK LTD. 


TRADE MARKS 


CHANGES OF ADDRESS 


Changes of address should be notified promptly 
to ensure delivery of the Journal. When notifying 
changes please give the following particulars :— 

1. Name Cin block letters). 

9. Grade of membership. 

3. New address (in block letters). 

4. Old address. 


This information should be sent to: 


The Secretary: 
THE ROYAL AERONAUTICAL SOCIETY, 
4 HAMILTON PLACE, 
LONDON, W.1 
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AEROPLANE & MOTOR ALUMINIUM CASTINGS LTD. 
ERDINGTON, BIRMINGHAM. 


ALUMINIUM CAST AUXILIARY DRIVE GEAR BOX 


BLACKBURN & GENERAL AIRCRAFT LTD 


Blackbur 


AIRCRAFT MATERIALS LTD. 


STRUCTURAL MATERIALS 
and COMPONENTS 
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THE BRISTOL AEROPLANE CO. LTD 


THE ENGLISH ELECTRIC CO. LTD., LONDON 


MANUFACTURERS OF 
AIRCRAFT, AIRCRAFT EQUIPMENT, 
WIND TUNNEL DRIVES, TEST PLANTS FOR 
RECIPROCATING AND TURBINE-TYPE ENGINES 
SUPERCHARGERS, COMPRESSORS, ETC. 


BRITISH THOMSON-HOUSTON CO. LTD. 


ELECTRICAL 


EO NT 


FOR AIRCRAFT 


FIRTH-VICKERS STAINLESS STEELS LTD. 


CHEMICAL G INSULATING CO. LTD. 


LIGHTWEIGHT, HIGH TEMPERATURE INSULATION 


SIR GEORGE GODFREY G PARTNERS LTD 


.. . Aircraft pressurization 
and air conditioning equipment. 


SIR GEORGE GODFREY & PARTNERS LTD 


THE DAVID BROWN FOUNDRIES CO. 


THE 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
FOUNDRIES DIVISION 


PENISTONE NEAR SHEFFIELD 


HIGH TENSILE AND HEAT RESISTING 
STEEL CASTINGS FOR AIRCRAFT 


GRAVINER MANUFACTURING CO. LTD. 


GRAVINER 


FIRE Protection EQUIPMENT 


GRAVINER MANUFACTURING CO LTD 
Colnbrook Bucks Telephone Colnbrook 48 


DOWTY EQUIPMENT LTD. 


DOWTY 


UNDERCARRIAGE AND 
HYDRAULIC EQUIPMEN] 


HANDLEY PAGE LTD. 


ELECTRO HYDRAULICS LTD 


LIMITED 


LIVERPOOL ROAD, WARRINGTON 
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THE HUGHES-JOHNSON STAMPINGS LTD. 


SMITHS AIRCRAFT INSTRUMENTS LTp 


SMITHS AIRCRAFT INSTRUMENTS LTD 


HUNTING-PERCIVAL AIRCRAFT LTD. 
(Formerly Percival Aircraft Ltd) 


LIGHT-METAL FORGINGS LTD 


LM 


INTEGRAL LTD 


INTEGRA 


HYDRAULIC PUMPS 
AND EQUIPMENT 


IRVING AIR CHUTE OF GREAT BRITAIN LTD. 


JOSEPH LUCAS (GAS TURBINE EQUIPMENT) LTD. 


MARTIN-BAKER AIRCRAFT CO. LTD 


KELVIN G HUGHES (AVIATION) LTD. 


(HENRY HUGHES & SON LTD. 
KELVIN, BOTTOMLEY & BAIRD LTD.) 


D. NAPIER & SON LTD 


K.L.G. SPARKING PLUGS LTD. 


SPARKING PLUGS AND 
IGNITION EQUIPMENT 
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NTS LTp fi, vy. ROE & CO LTD. SHORT BROTHERS & HARLAND LTD. 


Shorts 


Established 1908 


THE FIRST MANUFACTURERS 
OF AIRCRAFT IN THE WORLD 


\CS LTD } ROLLS-ROYCE LTD. THE SPERRY GYROSCOPE CO. LTD. 


AERO-ENGINES 


T) LTD. | ROTAX LTD. STERLING METALS LIMITED 


ROTAX 


AIRCRAFT ELECTRICAL ENGINEERS 


TRADE MARK 


). LTD SAUNDERS-ROE LTD. VOKES LTD 
* 
* 
* SAUNDERS - ROE * 
* LIMITED * 
OSBORNE - EAST COWES) -_ ISLE OF WIGHT AMBER CROSS 
x Telephone: Cowes 2211 & at Trafalgar 5448 * Trade Mark 
Symbol of complete protection by Vokes Filters 
LTD SERCK RADIATORS LTD. WESTLAND AIRCRAFT LTD 


SERCK 


S.55 and $.51 HELICOPTERS 


WESTLAND AIRCRAFT LTD YEOVIL ENGLAND 


LTD 
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DIRECTORY OF 


Accies & POLLOcK Ltp. 


Paddock Works, Oldbury, Birmingham. Broadwell 1500 
AEROPLANE & MotToR ALUMINIUM CASTINGS LTD. 
Wood Lane, Erdington, Birmingham. Erdington 2207-9 
AIRCRAFT MATERIALS LTD. 
4 Midiand Road, London, N.W.1. Euston 6151 
AUTOMOTIVE PRopucts Co, Lip. 
one Tachbrook Road, Leamington Spa. Leamington Spa 2700 
BLACKBURN AND GENERAL AIRCRAFT LTD. 
Head Office: Brough, E. Yorks. Brough 121 i 
‘ London Office: 43 Berkeley Square, W.1l. Grosvenor 5771-8 | 
5 Bootn, James, & Co. Ltp. 
Argyle Street Works, Birmingham, 7 East 1521 
BOULTON PAUL AirCRAFT 
Wolverhampton, Staffordshire. Fordhouses 3191 
BrisTOL AEROPLANE Co, Ltp., THE 
Filton House. Bristol, Gloucestershire. Filton 3831 
BRITISH ELECTRICAL DEVELOPMENT ASSOCIATION LTD. 
f 2 Savoy Hill, London, W.C.2 
BRITISH EUROPEAN AIRWAYS CORPORATION 
Keyline House, Northolt, Middlesex. Waxlow 4334 
Dorland Hall, Lower Regent Street, 
London, S.W.1. Gerrard 9833 
BritisH Messier Ltp. 
Caeltenham Road East, Gloucester. Churchdown 3281 
BrRiTisH OVERSEAS AIRWAYS CORPORATION 
Head Office: Airways House, Great West 
Road. Brentford. Ealing 7777 
Traffic Enquiries: Airways Terminal, 
Buckingham Palace Road, S.W.1. Victoria 2323 
BritisH [THOMSON-HouSTON Co. 
Lower Ford Street, Coventry. Coventry 64181 | 


BritisH WirkE Propucts 
Stourport-on-Severn, Worcestershire. Stourport 240 | 
BurGEss Propucts Co. Lip. 
Micro Switch Division, Dukes Way, 
Team Valley, Gateshead, 11. Low Fell 75322-4 


CHEMICAL AND INSULATING Co. LTD. 
Darlington, Co. Durham. 


Davip BROWN FOUNDRIES COMPANY 


Penistone, near Sheffield. Penistone 135 
DE HAVILLAND AtrRCRAFT Co. Ltp., THE | 
Hatfield Aerodrome, Hertfordshire. Hatfield 2345 | 
DE HAVILLAND PROPELLERS LTD. 
Lostock, Bolton, Lancashire. Horwich 480 


DERITEND PRECISION CASTINGS LTD. | 
Bays Meadow Works, Droitwich Spa. Worcs. | 
Dowry EquipMENtT LtTp. | 


Cheltenham, Gloucestershire. Cheltenham 53471 
Dowty Fuet Systems Lip. | 

Cheltenham, Gloucestershire. Cheltenham 53471 | 
DuNLop Rusper Co. Ltp. (AVIATION Division) | 

Holebrook Lane, Foleshill, Coventry Coventry 88733 | 


ELECTRO-HyDRAULICS LTD. 


Liverpool Road, Warrington. Warrington 2244 | 
ENGLISH ELecTRIC Co. 
Queens House, Kingsway, London, W.C.2. Holborn 6966 | 
Stafford, Stafford 700 { 
Esso Perroteum Co. Lrp. 
36 Queen Anne’s Gate, London, S.W.1, Whitehall S151 
FairEY Aviation Co. Ltp. 
Hayes, Midd-esex. Hayes 3800 
e 24 Bruton Street, London, W.1. Mayfair 8791 | 
FirtH, THOS. AND JOHN Brown Ltp. H 
Atlas Works, Sheffield, 4. Sheffield 20081, 26491 
= 11 Hamilton Place, London, W.1. Grosvenor 8781-6 | 
FIRTH-VICKERS STAINLESS STEELS | 
; Staybrite Works, Sheffield. Sheffield 42051 | 
; 5 Clarges Street, London, W.1. Grosvenor 5741 | 
Tarrant Rushton Airfield, Blandford, Dorset. Blandford SO\ | 
FOLLAND AIRCRAFT LTb. 
Hambie, Southampton, Hampshire. Hamble 3191 | 


GeorGe Goprrey & PARTNERS Ltp., Sir | 
Hampton Road, West, Hanworth, Middx. Feltham 4037, 3291 | 


GENERAL ELectric Co. 
Magnet House, Kingsway, London, W.C.2. Temple Bar 8000 
GRAVINER MANUFACTURING Co, LTD. 
(Aircraft: Division Sales Department), Poyle 
Mill Works, Colnbrook, Bucks. Colnbrook 48-49 
Hanptey PaGe 
2s Cricklewood, London, N.W.2. Gladstone 8000 
Harvey, G. A., & Co. (LONDON) LTp. 
. Woolwich Road, London, S.E.7. Greenwich 3232 
(22 lines) 
HAWKER SIDDELEY Group Ltp. 
18 St. James's Square, London, S.W.1. Whitehall 2064 
HicuH Dury ALLoys Ltp. 
ye Slough, Buckinghamshire. Slough 23901 
Hopson, H. M., Ltp. | 
oa Hobson Works, Fordhouses, Wolverhampton. Fordhouses 2266 | 
HUGHES-JOHNSON STAMPINGS THE 
Langley Green, Birmingham. Broadwell 1361 H 
HUNTING PeRCIVAL AIRCRAFT 
Luton Airport, Luton, Bedfordshire. Luton 6060 
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ADVERTISERS 


IMPERIAL CHEMICAL INDUSTRIES LTD. 
Nobel House, 2 Buckingham Gate, London, 
S.W.1. Victoria 4444 
IMPERIAL CHEMICAL INDUSTRIES LTp. (METALS DIviSION) 


Kynoch Works, Witton, Birmingham, 6. Birchfield 4845 
INTEGRAL 

Birmingham Road, Wolverhampton. Wolverhampton 24984 
IRVING AIR CHUTE OF GREAT BRITAIN LTD. 

Ickneild Way, Letchworth, Herts. Letchworth 888 


KELVIN & HUGHES (AVIATION) LTD. 


New North Road, Barkingside, Essex. Hainault 260| 
K.L.G. SparKING PLUGS Ltp. 
Putney Vale, London, S.W.15. Putney 267| 


LiGHT-METAL FORGINGS 


Oldbury, Birmingham. Broadwell 1152 
Lucas, JosePpH (GAS TURBINE EQUIPMENT) 

Shaftmoor Lane, Birmingham. 2S. Springfield 3232 

Burnley. Burnley 5051 & 5027 


MAGNESIUM ELEKTRON LTp. 
Lumm’s Lane. Clifton Junction. nr. 


Manchester. Swinton 2511-9 
21 St. James's Square, London. S.W.1. Whitehall 1040 
MarsSTON EXCELSIOR 
Wolverhampton. Fordhouses (Wolverhampton) 218} 
MARTIN-BAKER AIRCRAFT Co. Ltp. 
Higher Denham, Buckinghamshire. Denham 2214 


Napier, D., & SON Ltp. 

Acton, London, W.3. Shepherds Bush 1220 
NorMALair 

West Hendford, Yeovil, Somerset. Yeovil 1100 


PITMAN, Sir Isaac & Sons 


Parker Strect, Kingsway, London, W.C.2. Holborn 979\ 
PLessey Co. Ltp., THE 
Vicarage Lane, Ilford, Essex. Ilford 3040 


QANTAS EMPIRE AIRWAYS 
69 Piccadilly, London, W.1. Mayfair 9200 


Roe, A. V., & Co. Ltp. 


Greengate, Middleton, Manchester. Failsworth 2026-2039 
ROLLS-Roycre Ltp. 

Derby. Derby 42424 

14-15 Conduit Street, London, W.1. Mayfair 6201 
Rotax ‘Ltp. 

Willesden Junction, London, N.W.10. Elgar 7777 
Ltp. 

Cheltenham Road, Gloucester. Gloucester 24431 


SAUNDERS-ROE Ltn. 
Head Office: Osborne. E. Cowes. Isle of Wight. Cowes 2211 
London Office: 45 Parliament Street, 


Westminster, S.W.1. Whitehall 7271 
SAUNDERS VALVE Co. LTD. 
Blackfriars Street, Hereford. Hereford 3088-9 
SeRCK RADIATORS 
Warwick Road, Birmingham, 11. Victoria 0531 


SHELL-MEX AND B.P. 
Shell-Mex House, Strand, London, W.C.2. Temple Bar 1234 


SHORT BROTHERS AND HARLAND LTD. 


Seaplane Works, Queen's Island, Belfast. Belfast 58444 
SMITHS AIRCRAFT INSTRUMENTS 

Cricklewood Works, London, N.W.2. Gladstone 3333 
Sperry Gyroscope Co, Ltp., THE 

Great West Road, Brentford. Middlesex. Ealing 6771 


STANDARD TELEPHONES AND CABLES LTD. 

Connaught House, Aldwych, London, W.C 2. Holborn 8765 
STERLING METALS Ltb. 

Northey Road, Foleshill, Coventry. Coventry 89031-6 


TuNGuM Co. Ltp. 
Brandon Housc, Painswick Road, 
Cheltenham, Gloucestershire Cheltenham 5856 


VICKERS-ARMSTRONGS LTD. 
Vickers House. Broadway, Westminster, S.W.1. Abbey 7777 


Weybridge Works, Weybridge. Surrey. Byfleet 240-243 
Supermarine Works, Hursley Park, 
Winchester, Hampshire. Chandlersford 2251 
Vokes Ltb. 
Henley Park, nr. Guildford, Surrey. Guildford 62861 


WAKEFIELD, C. C., & Co. Ltp. 


46 Grosvenor Street, London, W.1. Mayfair 9232 
WESTLAND AIRCRAFT LTD ‘ 
Yeovil, Somerset. Yeovil 1100 
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... for the world’s finest aircraf 


Dowmic Sequence 
Switch 


Hydel solenoid-operated 
Hydraulic Control Valve 
Patent Nos. 694059 & 705834 


Push Button Switch 
British Patent Nos. 
607670 & 648221 


Electrical 
Equipment 


Undercarriage Indicator 
British Patent No. 634255 b y \/ \/ Wi, 
U.S.A. Patent No. 2557396 (D T 
Canadian Patent No. 480678 L 


DOWTY EQUIPPRENT HAM 


Member of the DOWTY Group 


PRINTED BY THE LEWES PRESS (WIGHTMAN & CO. LTD.). LEWES, SUSSEX, ENGLAND. AND PUBLISHED 
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